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SUB- SUBMINIATURE 


B7000 is only '%,” diameter, 1%,” total length. 
Available with a bushing or flange mounting. 
Flange can be engraved. Anodized aluminum 
case, plastic plunger cap and solder lugs. Rated 
1 amp at 28 VDC. The perfect pushbutton for 
subminiaturized instruments and control panels. 


MOISTURE-PROOF, 6 CIRCUIT TYPES 


W100 is available at S.P.S.T. (N.O. or N.C.), 
S.P.D.T., 2-circuit, and 3-terminal (N.O. or N.C.). 
Designed to MIL-S-6743, MS-25089. Completely 
moisture-proof and enclosed in anodized alumi- 
num case with silicon rubber boot. Available 
with any of 8 mounting adapters (Adapter P 
shown) to meet any mounting or panel require- 
ment. Rated 10 amps at 28 VDC resistive. 





LOW COST, U.L. LISTED 


B2000 series switches are considerably smaller 
than standard 4% amp momentary pushbuttons, 
yet cost much less and actually are U.L. rated 
at 8 amps, 120 VAC. Select S.P.S.T. circuit either 
N.O. or N.C., with solder lugs or pigtail leads. 
Mounts in 4” dia. hole. 


WITH OR WITHOUT LIGHT 


WC1500 is a very small moisture-proof switch 
(designed to MIL-S-6743) with a minimum life of 
25,000 operations at rated load. Available with 
or without indicator light in pushbutton, and 
rated at 2 amp ind. or 4 amp res., 28 VDC. 
D.P.D.T. or 4-circuit. Mounts in %” diameter 
panel hole. 


MOISTURE-PROOF, ALTERNATE ACTION 


J3136 is a new moisture-proof switch originally 
designed for military ground support and aircraft 
equipment. Two-circuits, rated at 5 amp ind. or 
10 amps res. at 28 VDC: 5 amp (.75 P.F.) ind. or 
10 amp res. at 120 VAC. Life is 25,000 opera- 
tions min. at rated load. Anodized aluminum 
case with solder lug terminals, and 8 styles of 
se adapters available. Mounts in %” dia. 
ole. 


20 AMPS., PUSH-PUSH 


J100 is a S.P.S.T. switch rated 20 amps res. at 
28 VDC; 10 amps res. at 115 VAC. Ruggedly 
built to give compactness and durability under 
crictical operating conditions. Weighs only 1 oz. 
| Total plunger travel is only 4%”. Overall size: 1” 
diameter, 2'%,” long. 


“Engineers and Technicians: check with 
Control Switch about challenging career opportunities.” 


CONTROLS COMPANY 


Manufacturers of a full line of switches, controls and indicators 
for all military and commercial applications. All standard units 
Stocked for immediate delivery by leading parts Distributors. 
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The switches shown above are merely samples from 


the full line of CONTROL SWITCH pushbuttons. 


Perhaps one of these is a solution to a switching 
problem you face. If not, write for your free copy of 


CATALOG 100 for details on the wide range of 


switches available, including basic switches, toggles, 


lighted pushbuttons, indicator lights and many 
other types. 





OF AMERICA 


CONTROL SWITCH DIVISION 


4260 West Lake St., Chicago 24, Ill. Phone: VAn Buren 6-3100 
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Only 1-1/2 ounces (including the switch plate) 


Heinemann’s new Series VP may well 
be the lightest circuit breaker made. 
For sure, it’s one of the smallest and 
most compact you'll find around. 
Yet, remarkably, it’s capable of 
handling all the functions of much 
larger Heinemann breakers. 

It is temperature-stable. Current 
rating and calibrated trip-points are 
completely unaffected by ambient 


temperature. No derating . . . ever. 

It is available with a choice of 
time relays. You can have either a 
“fast” or “slow” delay. Or instan- 
taneous response. 

It can be furnished with any of 
Heinemann’s special-function inter- 
nal circuits. With a little ingenuity 
and a special circuit, you can make 
the breaker do such out-of-the- 


ordinary chores as remote switching, 
circuit “slaving,” alarm signaling. | 

The matchbox-size Series VP is 
available in any integral or frac- 
tional rating you might need, from | 
0.050 to 15 amps (at 110V, 60 or 
400 cycles AC, or 50V DC). : 

Bulletin VP will give you detail- | 
ed specifications and dimensions. A 
copy is yours for the asking. 


HEINEMANN ELECTRIC COMPANY <@>125 BRUNSWICK PIKE, TRENTON 2, N.J.| 
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. . . but 134” plate diameter and 50% space savings* in a 180-channel switch are 
only the start of the story. This new electromechanical switch also gives the other 
advantages that have made MYCALEX® units the industry standard. Noise level 
of less than 1 millivolt when switching 5 volts into a 150-ohm load. Up-to-a 1000 
megohm resistance between rectangular contacts. Speeds as high as 1800 RPM. 
Metal-to-metal wiping action that prevents graphite build-up. Super-hard, gold- 
plated contacts. SUPRAMICA® 555 ceramoplastic plate that withstands operating 
temperatures to 650° F., has total dimensional stability, locks contacts in place. 
Plus nylon-brush mountings of new design that eliminate bounce and deliver sharp, 
clean signal edges. 

Whether you're looking for commutation plates or complete switches, it'll pay 
you to investigate both of these compact, new components which give 
you an additional degree of design latitude. (For example, other MYCALEX 
switches offer up to 540 contacts on a 3”-diameter plate.) Write today for our new, 
comprehensive technical bulletin. 


*When compared with conventional Inter-Range Instrumentation Group Telemetering Switches. 


General Offices and Plant: 131 Clifton Boulevard, Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


EXCLUSIVE LICENSEE OF MYCALEX CORPORATION OF AMERICA 
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ACTUAL SIZE 
Plate dia. only 13/4” 





ISoNG-EFE 


COMMUTATION SWITCH 





VLLis 7s 


OY utilis, “4 
> i; ty 


‘se 


~ 
‘ 
TTT \ Nos 


cA 
a 
- 
— 
— 
= 
~ 


1} 
7 


fj ND 
% CTT os * 
at /7; ‘\) 
3 TTT 


(} 
4%, 





We are exhibiting at the N.E.C. Show 
Booth #346-348 © October 9-11 © Chicago, Ill. 
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New low-cost altitude pressure switch 
with accuracy over wide temperature range 


Here is another new pressure switch independent of adjustment mechanism. 
from Consolidated Controls with an im- 
portant combination of benefits: small, 


simple, light, low-cost. 


Available as absolute, gauge or vacuum 
unit, the Type 214C50 pressure switch is 
also offered with a variety of pressure and 


The Ni-Span-C sensing element gives electrical connections. For full details, 


50 GREENWAY 


SAN FRANCISCO 
C. F. Meister 
Charles F. Meister Co. 
2252 West Beverly Blvd. 
Los Angeles 57, California 
DUnkirk 8-7115 


— Circulation for October 
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PRINTED AT BEN FRANKLIN PREss, INC. 
STREET, PITTSFIELD, MaAss. 





you accuracy over a wide temperature 
range, operating in conjunction with a 
sub-miniature snap-action switch. What's 
more, it is field adjustable because 
special internal stops permit adjustment 
over the entire altitude range by simply 
turning the snap-action switch assembly. 
Only a vacuum pump and gauge are 
necessary for calibration. 

The unit is completely ‘‘O’'-Ring sealed 
and housed, within one-piece anodized 
aluminum case. Electrical connector is 


write or telephone Mr. Charles Colt, 
Bethel, Conn., Pioneer 3-6721, DDD 
Code 203. 





Performance characteristics 
of Type 214C50 Altitude Switch 


Adjustment range — sea level to 70,000 feet 
Accuracy — 2% from —65 to 250°F. 

Vibration — Mil-E-005272C procedure XII 

Life — 50,000 cycles minimum 

Contract arrangement—SPST, SPDT, nor 
mally open, normally closed 

Weight — 334 ounces, without bracket 


Published monthly by Benwill Publishing Corpo- 
ration. Harold G. Buchbinder, President; Milton 
Berns, George Palken, Robert B. Brotherston, 
Vice Presidents, Executive, Editorial and Sub- 
scription Office, 167 Cerey Road, Brookline 46, 
Mass. Telephone BEacon 2-5470. Copyright 1961 
by Benwill Publishing Corporation. Accepted as 
controlled circulation publication at Pittsfield, 
Massachusetts. POSTMASTER: send form 3579 to 
Benwill Publishing Corporation, 167 Corey Road, 
Brookline 46, Mass. 
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the pressure’s on for ’61 


GENTLEMEN’S AGREEMENT 





It was a pleasant surprise to read your 
editorial in the August issue of Elec- 
tromechanical Design. All too fre- 
quently do editors of magazines miss 
the opportunity to present new and 
intelligent appraisals of current prob- 
lems in the engineering profession. 
Your present editorial is certainly one 
of the finest I have ever seen in many 
years. 
D. Wolkov 
Airborne Instruments Laboratory 
Division of Cutler-Hammer, Inc. 





To date only two people agreed with 
Wescon’s “Gentlemen’s Agreement” — 
no overt hiring of engineering person- 
nel at the show—and they were 
officially connected with Wescon. Our 
editorial disagreed with this policy 
and Mr. Wolkov’s letter is representa- 
tive of those engineers who called or 
wrote us with regard to our views. 
—H. G. B. 














MULTI- 
STAGE 
BLOWER 


60 cps or 400 cps 

1? or 3% 

To 440 Volts Aik RLOW-CFM. 

10” 0.D. by lengths up to 14” 
Ambient Range: —55° + 85° C 
Commercial or Military 


Bw. 


5. P.-IN. OF H,0 


KUDO’S 


I would like to tell you of my high 
regards for your fine magazine. As 
the Director of Engineering I am al- 
ways referring articles of interest to 
my engineers. I find your articles very 


MULTISTAGE BLOWER helpful and interesting. 
60 cps — 6 Stages 








Sid Davidson 


Denver, Colorado 














When engineering specifications require continuous duty and quiet long life, _ 
Air Marine offers multistage blowers for low volume, higher pressure appli- | 
cations to 1 psi with air delivery to 100 CFM. Featured is long life with 
low noise. Where high pressure is required or on such vacuum applications 
as tape retention, the Air-Marine multistage blowers are the efficient answer. 
Our field engineers will gladly assist you in the selection 
and application of motors, blowers or fans. 
Air Marine motors, blowers and fans have been designed and tested to 
meet the specifications of both the military and industry. 


. I would like to have each of our 
Systems Division design and develop- 
ment engineers receive their own in- 
dividual copies of your fine publication 
as this publication, more than any 
other one, is active in our fields of 
endeavor. Therefore, I would appre- 
ciate it very much if you would 
arrange for complimentary subscrip- 
tions for the people whose names are 
on the enclosed sheet. 


Edward J. Gately, Jr. 
Manager, Systems Division 


Bs r marine Coes | ess 










WRITE TODAY FOR OUR NEW CATALOG 









motors, inc. 


We're always happy to arrange for 
complimentary subscriptions for quali- 
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X-15 launched from B-52 ‘‘mother”’ plane. U. S. Air Force photo. 


Mile-a-second X-15 carries 
Bristol pressure sensor 


Research airplane X-15, a joint Air Force, Navy and NASA project, has already carried 
man faster than he has ever flown before—more than 0.7 of a mile a second—and is 
expected to exceed a mile a second. 

A vital part of the plane’s intricate fuel control valve assembly—made by Whittaker 
Controls Division of Telecomputing Corporation, Los Angeles—is a Bristol capsular 
pressure element. 

Though differing in details, the X-15’s capsular element features the same precision 
construction, carefully selected and controlled material—the same linearity, low 
hysteresis and high reliability that have gone into Bristol pressure measuring instru- 
ments for more than seventy years. 

They’re the same qualities that result in more Bristol recording gauges being used 
than all other makes combined. 


Bristol capsular elements. 


Today, because of expanded facilities, Bristol offers the aircraft and missile industry 
from stock a selection of popular and representative high-precision Ni-Span C capsular 
elements (Bulletin AV2001)—as well as pressure switches for gauge, absolute, and 
differential pressures (Bulletin AV2016) featuring the same elements. Write for com- 
plete information on these units—and, of course, we’ll be glad to discuss your special 
requirements. 


? . i a ACCcO 
The Bristol Company, Aircraft Equipment Division, 
181 Bristol Road, Waterbury 20, Conn. 
A Subsidiary of American Chain & Cable Company, Inc. 0.44 


BRISTOL FINE PRECISION INSTRUMENTS FOR OVER SEVENTY YEARS 
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W/L on target ! 
New METOHM line 
exceeds MIL-R-10509D 


As a supplement to the unexcelled VITROHM resistors, Ward Leonard now offers 
to designers of commercial, military and industrial electronic equipment a line of 
molded metal film precision resistors, designed and tested to exceed the require- 
ments of MIL-R-10509D, characteristics B, C and E. You can stake your reputa- 
tion on Ward Leonard resistors. 

Available in %, % and % watt sizes, W/L METOHM precision resistors feature 
the highest degree of built-in reliability and operating stability. Temperature 
coefficients, over the range —55°C to +175°C, may be as low as +25 parts per 
million. Standard tolerance +1%. Tolerances down to +0.1% on special order. 











METOHM MIL RATED OHMIC VALUES MAX. VOLTAGE 
| TYPE EQUIVALENT WATTS MIN. MAX. RATING 
WL 60 RN 60 VY 30 500K 250 V. 
WL 65 RN 65 vA 50 1 meg. 300 V. 
WL 70 RN 70 VW, 50 1.5 meg. 350 V. 























Write for complete specifications and a list of distributors. Ward Leonard Electric 
Co., 15 South Street, Mount Vernon, New York. 0.10 


RESULT-ENGINEERED CONTROLS 


WARD LEONARD 
ELECTRIC CO... 


RESISTORS « RHEOSTATS « RELAYS e CONTROLS « DIMMERS 
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(Continued from page 6) 

fied engineers. Just send us their 
names on your company letterhead 
and we'll send each of them qualifica- 
tion cards similar to that facing the 
inside back cover of the magazine. No 
one can be added to our circulation 
list until a card of this type has been 
filled out and found qualified by our 
circulation department. —E 


COMPONENTS DIGEST COMMENT 


I have received the June issue of Elec- 
tromechanical Design, and after a 
month delay in reading it due to an 
extended business trip, have been 
pleased to find that your publication 
is one of the better technical maga- 
zines available. I would like to be on 
your circulation list and, further, since 
your components digest on semicon- 
ductor devices falls directly in my 
field of interest (effects of nuclear 
radiation on semiconductor devices 
and circuits), I would be very inter- 
ested in obtaining a copy of Part I and 
Part II of this article if possible. These 
articles should be very popular as 
reprints, if you should make them 
available as such. 
L. J. Zipprich 
Organization 5433 
Sandia Corporation 
Albuquerque, N.M. 


... Your article, “Semiconductor De- 

vices, Part III,” has been received with 

much enthusiasm both by myself and 

by my co-workers. The conciseness 

and completeness of the article makes 

it a valuable aid to our work here. We 

would very much appreciate your 

sending us a copy of Part I and a copy 
of Part II of that article. 

J. F. Escatell 

Autonetics 

Division of North American 

Aviation, Inc. 

Downey, Calif. 


We're happy to handle requests such 
as these on any articles and material 
on a first-come first-served basis. A 
limited amount of Parts I and II are 
still available until they run out. —Ed. 
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Is it a relay or coaxial switch? 


Some people call this electro-magneti- 
cally actuated device a relay. We call 
it a coaxial switch. Do you know what 
the difference is? 

First, the conventional relay, even 


when shielded and coaxially termi- 
nated isn’t suited for use in circuits 
above 400 me. In fact, even at this 
relatively low frequency, such a relay 
may have a VSWR of 1.5. The DK 
Coaxial Switch with improved im- 


pedance match will show a VSWR 





of only 1.1 at the same frequency. 

Standard DK Coaxial Switches are 
designed for frequencies up to 5,000 
mec. Models under development will 
soon extend this to the 10,000 mc range. 

Improved VSWR is only one differ- 
ence. DK Coaxial Switches offer lower 
crosstalk, reduced insertion losses, and 
great environmental reliability. 

RF Products can supply over 1300 
individual switch designs. But, since 


rei 
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132 of these meet 90 per cent of known 
applications, we have prepared a sim- 
plified catalog which makes it easy for 
you to find the switch you need. Write 
for Catalog DK61. 

If you don’t find the switch you want 
in this catalog, your local RF Products 
representative can supply you with 
information on hundreds of existing 
alternatives, or help you to design a new 
switch to solve your specific problem. 
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Division of Amphenol-Borg Electronics Corp., 33 East Franklin St., Danbury, Conn 
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SILICON TRANSISTORS 




















th S l| PR ACTIC AL P k ___ The NS475 series — newest addition to NSC’s growing line of quality 
e ma er, ac age Small Signal transistors — in the smaller TO-46 ‘‘pancake package.” 
Utilizing a glass-to-metal hermetic seal, the TO-46 is one-third the 


from NSC, the Small Signal Source! height of the TO-18 — simplifying circuit design — yet has the same 


diameter, for direct replacement of TO-18 package. 




































































PARAMETER 
min. BV 
hapten! 30v 30v 30v 60v 60v 60v 
min. BVCEO 
min. BVEBO 6v 6v 6v 8v 8v 8v 
hfe” 20-50 40-100 80-300 20-50 40-100 80-300 
max. Icgot .2uA .2uA .2uA .2uA .2uA .2uA 
max. Vce tt lv lv lv lv lv lv 
max. Cob Spf Spf Spf Spf Spf Spf 
min. FT 80mc 80mc 80mc 80mc 80mc 80mc 
can be used | can be used | can be used can be used | canbe used | can be used 
to replace to replace | to replace toreplace | toreplace to replace 
TO-18 2N761 2N762 2N734 2N735 2N736 
2N754 2N759 2N760 
2N756 2N759A 2N760A 
2N756A : 
2N757 | 
2N757A 
TO-5 2N332 2N335 2N336 2N1564 2N335 2N336 
2N332A 2N335A 2N336A 2N335A 2N336A 
2N337 2N338 2N541 2N1565 2N543 
2N473 2N470 2N542 2N1566 
E 2N474 2N471 
2N475 2N472 
2N478 ; 
2N479 
2N480 
TO-22 2N1149 2N1152 2N1153 2N1147 2N1152 2N1153 
2N1150 2N118 2N119 2N1150 2N118 2N119 
2N117 2N117 





























*VcE — 5v,l— = 10mA tV¥cpB=— 50% BYcBpo ttic = 10mA, ip = 1mA 


For complete technical data on all Small Signal transistors, call, write or wire: 


Danbury, Conn. « Ploneer 3-7624 » TWX DANB 452-U | = 
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CASTELL 


SA] LOCKTITE TEL-A-GRADE 9800SG 


CASTELL | 
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AW FABER CASTELL DRAWING LEAD 9030 


We asked engineers, architects, designers and draftsmen this 
question: “What irritates you most in a drawing pencil?” 


“CASTELL 


A.W.FABER-CASTELL 


Many of them said, “A degree that suddenly 
changes its character. You start your draw- 
ing with a 2H. When it wears out, you reach 
for another 2H — but this one draws like 


tible change in line or color. It produces 
the same image density and sharpness of 
detail. No peas in a pod can match the 
consistent uniformity of CASTELL’s superb 


Pencil Co., Inc., Newark 3, N. J. a 3H.” 


This can never happen with CASTELL. Its 
grading is so rigidly controlled, you can go 
back to your unfinished drawing months — 
or even years —later, without any percep- 


20 degrees, 8B to 10H. Draws perfectly 
on all surfaces, including CRONAR and 
MyLar base films. Join the masters of 
your profession. Buy CASTELL, call your 
dealer today. 


centennial year—1761-1961 
rs of uninterrupted 


cturing experience 


#9800 SG Locktite Tel-A-Grade Lead Holder with no-slip, functional grip that's kind fo tired fingers @ Bull dog clutch @ Unique degree indicator ® 
Carries 2-year guarantee @ Castell Drawing Leads #9030, identical in grade and quality with world-famous Castell drawing pencil & Usable in all 
standard holders, but perfect for Locktite ® 7B to 10H, and a kaleidoscope of colors @ 
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precision resolver developments by vcs 


FOR GUIDANCE * STABILIZATION * COMPUTER APPLICATIONS 















10-SECOND ACCURACY PANCAKE RESOLVER 
Integral bearings permit direct mounting to gimbal structures of stable 
platforms. Beryllium housings provide highly stable operation in environ- 
ments with extreme temperature variations. 






20-SECOND ACCURACY SIZE 23 RESOLVERS 
Double-ended design simplifies their incorporation into data transmission 
systems. 





Spor eeran < 


HIGH IMPEDANCE PANCAKE RESOLVERS 
Tuned impedance of 80,000 ohms makes these units ideally suited for use 
as control receivers. Rotor and stator assemblies may be independently 
attached to their mounting members. Standard units have an accuracy of 
3 minutes of arc. One-minute accuracy can be supplied on special order. 






0.005% FUNCTIONAL ACCURACY PANCAKE RESOLVER 
100% compensated Resolver with integral Class III precision rotor gear. 
The ideal unit for high accuracy computer chains. 












0.01% FUNCTIONAL ACCURACY SIZE 23 RESOLVER 


100% compensated winding. Extreme accuracy in a standard resolver 
case size. 


For complete information, write for Technical Data File 410. 


Qualified engineers seeking rewarding opportunities in these advanced fields are 
invited to get in touch with us. 





REEVES INSTRUMENT CORPORATION 


A Subsidiary of Dynamics Corporation of America, Roosevelt Field, Garden City, New York 


7RV61 
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AN INDUSTRIAL 


IMIER 
FOR AUTOMATIC CONTROL 
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| At the heart of the new, high capacity STOKES BLOW MCLDER 


The production of holfow.plastic artiectes 
(containers, dispensers, etc.) has been boosted 
immeasurably with the development of “High 
Capacity Stokes Dual - Manifold Blow Molder”’. 





ar. And at the“heart of the system is an Industrial 
Timer Corporation_timing device to provide the 
: precise control of each*eyeleof processing, 


RUNNING TIME METERS 
Wherever precise timing controls are required in 
industrial processes, or in equipment, Industrial 





Timer Corporation has the wide range of instru- f 
ments, the wide experience in applying them, that 

assure the perfect answer to your problem. 

If timing is of the essence .. . take the time to =r 





conSult_an Industrial Timer expert. rnc 
INTERVAL TIMERS TIMER DELAY TIMERS 


Phone or wYfitte.us. 





|NousTRiA 
| NDOUSTRI 


4 


| TIMER 


\\\ CORPORATION 
wv j ij 


INDUSTRIAL TIMER CORPORATION 


1405 McCarter Highway, Newark 4, New Jersey 


Manufactured and sold in Canada by 
SPERRY GYROSCOPE OTTAWA LIMITED + 3 Hamilton Ave., Ottawa, Canada * PA 8-4681 
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INLAND 


Standard DC Torquers 
available in 

the widest range 

of sizes and capacities 


Silent, gearless, Inland DC pancake torque motors 
have high torque-to-inertia ratios and excellent line- 
arity throughout the torque range. They provide an 
exceptional degree of accuracy for direct-drive servo 
positioning, while eliminating problems of backlash, 
windup, and compliance. 

Inland’s complete line of DC torquers serves in 
such varied applications as: missile and aircraft 
stable platforms, radar tracking antenna, space 
vehicle reaction wheel drive, rate table drives, 
rotary solenoids for missile arming systems, and 
special machine tool applications—just to namea few. 

For systems duty with Inland torque motors, a 
line of rotary and solid state amplifiers is also avail- 





able. All Inland products are backed by extensive 
experience ... thorough quality control, reliability, 
and field testing. . . successful performance in 
practically every major missile and space vehicle 
program. For details, complete specifications, and 
illustrated brochure, write Department 410. 











RGIS TEE 
Standard Model Specification Range 
. from smallest to largest torque motors* 

FRAME SIZE ____1.3 INCHES __36.0 INCHES 
Peak torque, lb.-ft. 0.1 3000 
Volts at peak torque, stalled at 25°C 48 246 
Amps at peak torque 1.21 30 
Sensitivity, Ib.-ft./amp .09 100 
Temperature rise per watt, 

ultimate, °C 13.4 0.04 
Total friction, !b.-ft. 0.003 18 
Ripple torque, pound-feet 

At low torque levels 0 0 

At peak torque 0.1 trace 
Weight, Ibs. 0.313 1200 


*Numerous sizes available in between. Non-Standard sizes designed to meet specific require- 


ments in these ranges and larger. 





CORPORATION OF VIRGINIA Cu 
A SUBSIDIARY OF 
- KOLLMORGEN CORP. WY 
NORTHAMPTON, MASS. 
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1000 count per turn 

self-contained logic 

self-selecting brushes 

continuous reading at high speeds 


several models in 4 2 2 1 code* 


Norden offers a wide variety of binary-coded decimal 
shaft encoders for commercial applications. These en- 
coders meet or surpass military specifications, and have 
patented, self-selecting V-brush logic. 

Code disc patterns produce a totally unambiguous 
8-4-2-1* binary decimal readout ranging from 2 to 6 
decades. The units can be used for feeding high speed 
computers and servo systems... data logging, machine 
tool automation, test stands, flight check-out. Self- 
selecting V-scan increases reliability and life while 
saving space and reducing complexity and cost. Load 
carrying brushes never commutate. These are the only 
encoders that have provision for automatic self-checking 
gating devices for virtually 100% error monitoring. 

*Several models are available in 4-2-2-1 CODE which 
provides a nine’s complement and makes available in a 
single encoder an increasing numerical count for both 
directions of shaft rotation. 


a 
* ® a 
* * 
* * 


NORDEN - 


OCTOBER 1961 


Now Norden binary-coded decimal converters 
for commercial application 










































































MODEL TOTAL REVOLU- ACCURACY 
NO. COUNT TIONS FOR (1 part in) 
FULL COUNT 

ADC-ST2-BCD 10? 1 100 
ADC-3-BCD 10% 10 1,000 
ADC-4-BCD 10 100 10,000 
ADC-5-BCD 10° 1,000 100,000 
ADC-6-BCD 10° 10,000 1,000,000 
ADC-ST3-BCD 10 1 1,000 
ADC-5-BCD-1000 105 100 100,000 
ADC-3-36BCD 360 3.6 360 
ADC-4-36BCD 3600 36 3,600 
ADC-5-36BCD 36,000 360 36,000 
ADC-6-36BCD 360,000 3,600 360,000 
ADC-ST3-36BCD 360 1 360 
BRL-5 360,000 1 360,000 
ADC-ST2-BBCD* 10? 1 100 
ADC-3-BBCD* 10° 10 1,000 
ADC-4-BBCD* 10 100 10,000 
ADC-5-BBCD* 105 1,000 100,000 
ADC-6-BBCD* 10¢ 10,000 1,000,000 
ADC-3-36BBCD* 360 3.6 360 
ADC-4-36BBCD* 3,600 36 3,600 
ADC-5-36BBCD* 36,000 360 36,000 
ADC-6-36BBCD* 360,000 3,600 360,000 
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Write Norden or call TEmple 8-4471 for complete specifications 


division of UNITED AIRCRAFT CORPORATION 


NORWALK, CONNECTICUT 
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TRANSISTORS-— Shown here in magni- 
fication is a Mesa transistor with fine 
gold wire. Handy & Harman manufac- 
tures this whisker wire to exact toler- 
ances and highest purity standards. The 
cap is gold plated from Handy & Har- 
man fine gold anodes. Photo courtesy of 
Western Electric. 


— 


CAPACITOR CANS —These tantalum 
electrolytic capacitors are completely 
leaktight and highly resistant to corro- 
sion. The containers that are also used to 
seal the liquid and internals are drawn 
from Handy & Harman fine silver sheet. 
Photo courtesy of Fansteel Metallurgical 
Corporation, North Chicago, Ill. 


, CAPACITORS 
AND COME WHAT MAY 


... just a few of the jobs involving 
HANDY & HARMAN precious metals 


Handy & Harman’s effectiveness in supplying the semiconductor 
and related fields is based on long experience with precious metals, 
coupled with our interest and ability in working closely with 
designers, engineers and manufacturers in the electrical and elec- 
tronics industries. 

These few examples are indicative of our continuing and expand- 
ing activities in furnishing precious metals: gold and silver and 
their alloys in wire, strip and foil; silver powders, flake and paint; 
silver bimetals; silver sintered metals; anodes, etc. The “etc.” is 
our invitation to you to send us any questions you may have 
regarding the applicability of precious metals in your products or 
processes. 

Would you like further information on these and others of our 
precious-metals products? Our Technical Bulletins contain a wealth 
of information and are yours for the asking: 


ee eee 
A-2......... Silver-Copper Alloys 
Bivins Silver-Magnesium-Nickel 


A-4... Silver Conductive Coatings 
DS ae Silver Powder and Flake 
25 .. Vacuum Tube Grade Brazing 

Alloys 


Your No. 1 Source of Supply and Authority on Precious Metals 


HANDY & HARMAN 


General Offices: 850 Third Avenue, New York 22, N. Y. 


Offices and Plants: Bridgeport, Conn. * Chicago, Ill. * Cleveland, Ohio 
Dallas, Texas * Detroit, Mich. * Los Angeles, Calif. + Providence, R. I. 
Toronto, Ontario * Montreal, Quebec 





CAPACITORS — Electrodes in these solid- 
state porcelain capacitors are formed 
from silver paste derived from Handy & 
Harman silver flake. Other types of 
capacitors for high-temperature appli- 
cations have lead wires of Handy & 
Harman Consil 998, a nickel-bearing 
alloy. Photo courtesy of Vitramon, Incor- 
porated, Bridgeport, Conn. 








j -—, 
| 


CIRCLE NO. 16 ON INQUIRY CARD CIRCLE NO. 17 ON INQUIRY CARD —> 
16 ELECTROMECHANICAL DESIGN 











Compact 4-way 


SKINNER 


Solenoid Valves 
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Here’s how accurate, dependable 
operation is built into 
SKINNER 4-way solenoid valves 


® Precise flow control—by adjustable metering 

® Compact, direct acting—two 3-way valves in one housing 

® Durable and corrosion resistant—stainless steel internal parts 

® Leakproof, bubbletight sealing—soft, synthetic inserts 

® Positive operation mounted in any position—spring-loaded plungers 


® Underwriters approved—wide selection of coils, voltages and frequencies 





® Wired from front or rear—housing easily reversed 
A. Transparent view of 4-way solenoid valve 8. Plunger 


® Adaptable to many uses—optional porting arrangements C. Plunger return spring D. Sleeve E. Coil 


SKINNER four-way solenoid valves 
available in three basic types 





V9 SERIES SPECIFICATIONS 


Media—air, hydraulic oils, inert gases 


—- 3 


Neen 


} 


Orifice Diameter—%a4", Ye", ¥32", Ye" 
NPTF 


Maximum Operating Pressure Differential—O to 150 PSI 
(up to 225 PSI also available) 


a Temperature Range—minus 40°F. to plus 180°F. 
052, %e" .095, 342” .156, 4%" .214 
ee i Mounting—‘4" through-bolt holes. 


; Pipe Size—'4 





Cy Factor—%4" 




















Normally closed—normally closed V933 
valves with a neutral position. Generally ap- 
plied on double-acting cylinders where the 
piston is in a neutral position without pressure 














The Skinner V9 solenoid valve is 
two 3-way valves in one compact 
housing. Both valves may be inde- 
pendently controlled and metered to 
provide accurate, dependable control 
of single- or double-acting cylinders, 
or larger pilot-operated valves. 

V9 types are available without 
adjustable flow and with metering 
at both exhaust ports, both inlet 
ports or full metering of all ports. 


For complete information, contact 
a Skinner Distributor listed in the 
Yellow Pages or write us at the 
address below. 


when both coils are de-energized. This permits 





manual shifting of the piston without operating 








jr | Io 





the valve. 


Normally open—normally open V955 valves 
with a neutral position. Generally applied on 











double-acting cylinders where both sides of 
the piston are to be open to pressure when 
both coils are de-energized. Under certain con- 
ditions, the first operating stroke of double- 
acting cylinders will be smoother with this 
valve in use. 


Normally closed—normally open V935 valves 
with no neutral position. Generally applied on 





double-acting cylinders where the piston is to 
be in retracted or extended position with pres- 
sure when both coils are de-energized. Wiring 
is simple—both coils are operated simulta- 
neously and can be controlled by one single- 








pole, single-throw switch. 


When you specify solenoid vaives, specify Skinner. Skinner solenoid valves are distributed nationally. 





THE CREST OF QUALITY 


SKINNER ELECTRIC VALVE DIVISION 


SKINNER PRECISION INDUSTRIES, INC. ¢ NEW BRITAIN, CONNECTICUT, U.S.A. 


ELZCTRIC 


VALVES 











lunger 
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To the Engineer 
+’ | looking for a small-scale switch to do a large-scale job 
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If you have to perform complex switching 
maneuvers, fast, and in small space, you'll 
go for AE’s Type 44 Rotary Stepping Switch. 


This mere handful of rugged switching 
accommodates up to six bank levels, with 10 
points plus home—will do the work normally 
assigned to whole banks of relays. 


The miniature Type 44, and its big brother, 
Type 45, are the only stepping switches with a 
positive-action, free-floating pawl. This unique 
design eliminates armature-stop and pawl-stop 
readjustment — prevents pawl wear-and-tear, 


breakage, and binding. The pawl locking teeth 
position the rotor automatically, making 
overthrow impossible. 

Incidentally, AE engineers are artists at 
composing simple circuits to do complex 
things — and AE can supply assembled and 
prewired control packages to your specs. 
Either way, we can help you cut costs. 

For answers to your automatic control 
problems, write the Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, 
Illinois. Also ask for Circular 1698-H on 
Rotary Stepping Switches. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS ey) 
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VARIABLE VENTURI 


Toric Valve Principle Applied To A 
Differential Pressure Flow Meter 
Provides Accurate Flow Indication 
Directly In Terms of Valve Actuator 
Position. 


Faced with a problem of finding a 
valve for on-off flow control of hydro- 
gen peroxide, Roku Yasui, President 
of Toric Development Co., of Cam- 
bridge, Mass:, was forced to design a 
new kind of valve based on the prin- 
ciple of a toric plug. Concentrated 
hydrogen peroxide is dangerous to 
handle, because it tends to be explo- 
sive when left to stand in the presence 
of ordinary metals used in valve manu- 
facture. The problem was to find a 
valve that would not trap the liquid. 
Yasui reasoned that the ideal means of 
closing and opening a pipe line peri- 
odically without the danger of trap- 
ping would be to use a simple tight 
fitting plug that would completely 
shut off the flow when it was inserted 
in the pipe and would leave the flow 
unobstructed when the plug was re- 
moved. But how could he insert and 
remove a plug from the middle of a 
pipe line in a closed system? The an- 
swer was the Toric Valve illustrated 
and described in Fig 1. 

As often results when a new ap- 
proach and new principles are applied 
in design, the Toric Valve provided 
many unanticipated performance 
benefits not combined in conventional 
valves. The most significant advan- 
tages are: no-trapping, tight shut off, 
linear semi-logarithmic flow character- 
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Fig 1 Toric Valve with precise throttling, logarithmic closure, and 500 to 1 
flow range embodies a new principle that has many applications in electro- 
mechanical design. The valve body is a pipe with a side-passage opening for 
insertion of a toric plug. The passage is shaped to fit the plug so that as the 
plug is rotated into the body it follows the curvature of the passage, progres- 
sively closing off the flow passage. The front end of the plug is rounded 
smoothly so that it fits snugly in the valve seat when the valve is fully 
closed. Tolerances of this valve are not critical because leakage between the 
feed-through passage and the plug is easily prevented by packing techniques 
(not shown) similar to those used in conventional valves. Obvious advantages 
not combined in conventional valves are smooth flow, no-trapping, easy clean- 


ing and simplicity. 


istics permitting fine and repeatable 
flow control, wide flow range, no pres- 
sure loss when fully open, easily 
cleaned in place, low wear, simplicity 
and ruggedness. 

Non-trapping, easily cleaned and 
flushed in place and tight shut-off 
characteristics of the device make it 
ideally suited as a sanitary valve for 
the food industry, and as a safe valve 
for handling explosive reactants (like 
rocket fuels) in the missile and chemi- 
cal industries. The toric plug can be 
easily retracted for inspection pur- 
poses or for cleaning the valve without 
removing the valve from the line. 

Regulation of the valve is precise 
down to 1/600 of maximum flow with 
repeatability. In throttling, pressure 
drop of the valve varies from 14 veloc- 


ity head wide open to over 7000 
velocity heads with good regulation. 


VARIABLE VENTURI 





Experience in design and develop- 
ment of the Toric Valve indicated 
many other applications of the toric 
principle to design of devices with 
unique performance characteristics: 
Mixing valve, flow limiter, flow and 
ratio controller, servo valve, vacuum 
valve, metering valve, cryogenic valve, 
control valve. The applications are 
limited only by the imagination of the 
designer. Of particular interest to 
electromechanical engineers is a vari- 
able venturi valve, illustrated and de- 
scribed in Fig 2, that allows accurate 
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(CONFIGURATION C) 
(CONFIGURATION D HAS 
RAMP ADDED) 
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VALVE POSITION - TURNS OF ACTUATOR 


Fig 2a (left) Variable venturi valve, based on a modification 
of the Toric valve shown in Fig 1, provides a means for meas- 
uring or controlling fluid flow directly in terms of valve actua- 
tor position, rather than indirectly in terms of the square root 
of differential pressure as in the case of fixed orifices, nozzles 
or venturis. 


Fig 2b (top right) Illustration of variable venturi valve with 
differential pressure meter. Varying the venturi orifice so that 
the differential pressure is held constant makes flow rate pro- 
portional to orifice area which in the variable venturi valve 
is proportional to valve position. 





Fig 4 Variable Nozzle Flow 
Meter provides better than 14% 
accuracy and 500 to 1 flow 
range at much less cost than the 
more accurate variable venturi 


meter. 


Fig 3 Flow measuring characteristics of the Yasui Variable 
Venturi valve for configuration c and d as shown in Fig 2a. 
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ON SERVO MOTORS 





Here’s information you can use to increase speed and accu- 
racy in high precision control and measuring equipment . . . 4 
fact-filled pages on Holtzer Cabot’s line of R-24 Servo Motors. 

Contains 3 sets of speed-torque, performance curves: (1) 
For four different stator stackings with-115V on both windings. 
(2) For four different stackings with 115V on fixed winding 
and 200V on control winding. (3) For 0.7” of stator stacking 
with 115V on fixed winding and 200V, 100, and 50 on control 
winding. Gives additional data such as starting voltage, stall 
torque, rotor inertia, acceleration at stall, etc. 


The R-24 Line has stator cores of 2.4” diam., available with 
stacking lengths of 0.5”, 0.7”, 1.0” and 1.4”. Models with or 
without gear trains. Send for your free copy of Bulletin 
MO-3.7A. Write: Holtzer-Cabot Motor Division, 125 Amory 
Street, Boston 19, Massachusetts. 


MOTOR DIVISION 


National Pneumatic Co., Inc., Boston 19, Mass. 
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measurement or control of flow over a 
wide range. Shaping the toric plug of 
the valve as shown results in a variable 
venturi in which the area of the orifice 
is proportional to the angular dis- 
placement of the plug, which in turn 
is proportional to the valve setting 
(see Fig 3). About 50 to 1 flow 
range may be maintained accurately 
with only one pressure gage, and 
pressure loss is one quarter that of a 
standard orifice. 

The principle of flow measurement 
with the variable venturi is based on 
the same flow equations used in classi- 
cal methods of measuring fluid flow: 
O~ AV 
where 
OQ = Quantity of flow 
A = Area of orifice 
V = Velocity of flow through orifice 

Velocity of flow through the orifice 
is determined by measuring the differ- 
ential pressure between the upstream 
pressure and the pressure at the ori- 
fice and applying Bernoulli's equation 

V = (2 gh)” 
where g = gravitational acceleration 

h = differential pressure meas- 
ured in height of liquid. 

In conventional flow measuring 
techniques, since the area of the ven- 
turi orifice is fixed, flow measurement 
must be determined in terms of V, 
which requires equipment for comput- 
ing the square root of the indicated 
differential pressure. But with a vari- 
able Venturi, V can be held constant 
by varying the flow orifice so that the 
differential pressure doesn’t change. 
Thus the flow (Q) is measured by the 
orifice area (A) which, as we have said, 
is proportional to valve position 
(turns of valve actuator). 

Automatic flow measurement is eas- 
ily accomplished with the variable 
venturi by use of a servo system to 
hold the differential pressure constant 
at a prescribed set point. When prop- 
erly calibrated, the system indicates 
flow directly by position of the valve 
actuator in relation to a dial cali- 
brated in quantity of flow. 





VARIABLE NOZZLE 





Since the relation between orifice 
area and valve position was so ideally 
linear in the variable venturi, Yasui 
experimented with use of the toric 
plug in place of the critically shaped 
venturi plug to see what kind of flow 
measurement performance this much 
less expensive technique could 
achieve. He was surprised to find he 
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Fig 5 Flow measurement performance of a Variable Nozzle Flow 
Meter designed for the Foxboro Company. The performance tests were 
conducted and the curves were plotted by R. Briggs of the Foxboro Co. 


could get 142% accuracy or better and 
100 to 1 flow range with the simpler 
design. 

The production model of the design 
is a very simple-to-operate portable 
unit called a variable flow nozzle. At 
a low set-pressure differential, the 
flow nozzle is calibrated throughout 
its entire range with the liquid to be 
measured. Turns of the actuator 
screw which retract the plug from the 
through passage are proportional semi- 
logarithmically with flow as shown in 
Fig 5. The calibration marked on a 
metal plate attached to the plug arm 
or to a calibrated plate at a remote 
location permits direct reading of flow 
in gpm or ppm or any desired units. 
With a 45-inch pressure differential, 
the flow range of the unit is 0.25 to 
25 gpm of water. Larger pressure 
differentials permit greater flow 
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ranges. 

To read the flow rate, the handle is 
turned either in the open- or close- 
direction until the prescribed differen- 
tial pressure is attained on the pres- 
sure gauge. Then the flow is read 
directly on the scale opposite the in- 
dicator. 

The unit is equipped with accessible 
pressure taps parallel to the gauge, to 
provide for additional instrumentation 
and equipment or for safety interlock 
purposes. For example, a pressure 
transducer connected to a chart re- 
corder could record fluctuations in 
flow. In the case of flow failure of 
coolants, a pressure switch could be 
made to turn off current or heat to 
protect equipment. It could also be 
used to turn on auxiliary standby 
equipment. 

Write No. 269 in Box on Inquiry Card 





(RI) 


THE LEADER IN ACCURACY 














0.0001°% RATIO ACCURACY 


NOW GUARANTEED 
FOR 5 YEARS 


The JRL Model VDR-106 is the 
only Primary Standard DC Voltage 
Divider of its kind to have a writ- 
ten performance Guarantee of 
0.0001% ratio accuracy for a 5 
year period. The reliability history 
established by standard labora- 
tories, production facilities and 
discriminating instrument users 
since July 16, 1956, indicates the 
unique accuracy and long range 
stability of this precise instrument. 


The stability of resistance ratios 
with temperature, voltage, humid- 
ity and time is largely a function 
of the stability of the basic re- 
sistors used and of the design 
of associated interconnections, 
insulation and switching compo- 
nents. Primary Standard Dividers 
manufactured by Julie Research 
Laboratories achieve unique ac- 
curacy and stability through the 
use of the type NB-1* resistor 
and consistently meticulous de- 
sign of all associated components. 


This company has followed a 
policy of conservative rating (a 
safety factor of 2 times, Mini- 
mum) of these standards and 
instruments and has gone so 
far as to develop new techniques 
for verification of the unusually 
high accuracies specified for its 
equipment.+ 

*Patent Applied For 

tit is possible to determine the accur- 


acy of the VDR-106 to a certainty of 
1 part in ten million using the Pri- 
mary Standard ratio technique de- 
scribed in Precision Vol. IV No. 1. 
Copies are available upon request. 

603 West 130th Street 
New York 27, N.Y. 


Telephone: AUdubon 6-9200 


JULIE RESEARCH 
LABORATORIES INC. 
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HIGH VOLTAGE 


Electro-optical device consisting of 

a light bulb and a photosensitive cell 
contained in a light-proof case 
affords isolation up to 25,000 volts 
between light bulb (control) and 
photoconducting cell (signal) circuits. 
by Martin Finigian, 

Product Design Engineer 

Industrial Components Division, 


Raytheon Co., 
Newton, Mass. 


ENCAPSULATING 
COMPOUND 


LEADS 





CONTROL 
CIRCUIT 


GAS DISCHARGE 
LIGHT SOURCE 


PHOTO SENSITIVE CASE 


SWITCH 


Fig 1 Four-terminal electro-optical device consists 
of a light source and a photoconducting cell en- 
closed in an opaque tube. Variation in the light 
source causes variation in the cell’s conductivity. 
Common applications of the Raysistor include use 
as relays, choppers, or electrically controllable 
potentiometers or rheostats. In relay applications, 
the absence of moving contacts eliminates the 
problems of contact wear and pitting and provides 
life capability. of over two billion operations. In 
potentiometer applications, noise and scratch of a 
moving contact in the signal circuit are absent. 
As a chopper, the Raysistor avoids the problems 
associated with moving contacts. Less than 0.5 
microvolt emf is induced in the photocell due to 
modulation of the light source. 
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CONTROL 





he July of last year, Raytheon announced a four-terminal 
electro-optical device called a Raysistor, designed to 
replace relays, switches, and potentiometers for low-noise 
commutation, switching, and circuit control. A voltage 
applied to two of the terminals controls the passage of a 
signal at the other two terminals. The control circuit 
consists of a light source which, when fully excited, 
lowers the resistance of a photoconductor in the signal 
circuit by a factor of about 10°, thus allowing an ac or 
de signal to pass. When the intensity of the light source 
is varied, the Raysistor acts as a potentiometer or rheostat. 
Figure 1 describes the physical characterisctics of the 
basic Raysistor design. 


NEW HIGH-VOLTAGE DESIGN 


A major factor in the performance of the Raysistor is the 
electrical and mechanical isolation of the control circuit 
from the signal circuit. Electrical control energy is con- 
verted to light energy to release charge carriers in a com- 
pletely separate circuit. Raytheon engineers recognized 
that this principle could be used to provide extremely 
high voltage isolation between circuits. Applications of 
such a device would be for control of high-voltage power 
supplies, bias control of high-voltage regulator tubes, and 
metering of any circuit at a potential with respect to 
ground (with a meter at ground potential). 

Starting with the basic Raysistor, Raytheon set up a 
development program to provide isolation up to 25,000 
volts between the signal circuit and the control circuit. 
Figure 2 shows a production model of a high-voltage 
Raysistor that fulfills the program objectives. Figure 3 
shows the performance of a typical unit. 

Principal problems of the design were: 

® To find a dielectric material that would be a water- 
clear optical medium for maximum transmission of the 
control light, and that would not break down under high- 
potential gradients so as to permit spark flash-over be- 
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DIELECTRIC 
LAMP —. 
EPOXY FARACLAY CELL TERMINAL 
CASE SHIELD COVER 
Fig 2 High-voltage Raysistor, encapsulated in a high-dielectric transparent fluid, operates 
honk with 25,000 volts differential between the control circuit and the signal circuit. Tentative 
specifications: control circuit is an incandescent lamp with supply voltage of 6.0 vde or 
chee ' peak ac and control current of 0 to 200 ma; signal circuit is a photoresistor with on resistance 
age 100 ohms, off resistance 4x 10° ohms, maximum power dissipation 250 mw, and maximum 
so voltage 300 vdc or peak ac. 
cuit — , — 
ied. tween the control and signal circuits. Z 100,000 
mal © To prevent corona due to ionization of gases. Corona 2 
> or has two harmful effects: glow of the gases activates the z 
arce photoconductor, causing error in the output; and the ioni- x 
stat. zation products often lead to cumulative breakdown of o 
in the dielectric materials. 3 meena 
77) 
THE DIELECTRIC MATERIAL GS 
= 
A survey of dielectric materials and experimentation with = = — 
the many types indicated availability of a gel that provides 7 : 
cuit the necessary optical and dielectric properties as well as ° 
con- the desired temperature characteristics. < a ee 
om- if Stiffer, unyielding materials were found to be unsatis- 3 
ized | __ factory because they tended to transmit forces caused by © 100 
nely | ‘temperature variations to the embedded parts, and even to ° z ’ 7 . ’ 
; of stress-crack themselves at low temperatures. The dielec- CONTROL VOLTAGE (VOLTS) 
wer | a —_— — ne pnt a oe Fig 3 Transfer function of type CK1108 High- 
and ee a ae a oe: oe ee oe Voltage Raysistor. A wide range of specifications 
to To prevent formation of air bubbles which would tend is available for potentiometer or control link ap- 
to ionize in a high electric field, causing corona glow or plications. The curve shows a signal resistance 
pa spark flashover, the gel is introduced into the assembly variation of 10,000 to 1, with a 10-to-1 range of 
000 || under vacuum and is heat cured so that it adheres to all control voltage. Models with full control voltages 
“it. || surfaces contacted, preventing any air gaps at the inter- as low as 1.1 volts are available for use with 
tage || faces. The gel maintains contact with all surfaces in- transistors. 
e 3 definitely. Its properties are stable over a wide tempera- 
ture range and over a much longer time than the life of 
any equipment in which the Raysistor would be used. 
, The intimate surface contact of the gel, together with 
re good thermal conductivity (uncommon in electric insula- 
; h tors), provides good heat transfer, allowing the photocell 
5 4 to be rated for a much higher power dissipation than 
» would be possible in air. 
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WORLD'S LARGEST STOCKS... SPECIALIZING IN: 
@ Semiconductors © Special-Purpose Tubes 
© Connectors © Test Equipment, Meters 
@ Relays, Switches © Resistors, Controls 
© Transformers © Capacitors 
@ Knight-Kit® Instruments in Low-Cost Kit Form 
@ Electronic Parts for Every Industrial Need 


ANYTHING IN ELECTRONICS IN A HURRY 


One order to Allied fills the whole oe 
bill—from the world’s largest stocks ta 
of electronic equipment. You get 
same-day shipment. You buy at 
factory prices. Write today for the 
FREE 1962 ALLIED catalog. 


_ ALLIED ELECTRONICS 


a subsidiary of 
ALLIED RADIO 


100 N. Western Ave., Dept. $04-K1, Chicago 80, Ill. 


Ba 





mo SWANN 











ONE ORDER 
TO ALLIED 
FILLS THE | 

WHOLE BILL | ~ 


Bigs 8 RROD Mise gg 


send for 


FREE 
CATALOG 





Answers SEMICONDUCTOR 
COOLING PROBLEMS 


immediately — under your conditions 


Supplies standard stock 
type Natural and 
Forced Convection Cool- 
ing Units, and a six sta- 
tion modular package 
complete with Rotron 
Fan. All Technical Data 
necessary for semicon- 
ductor cooling tests on 
your circuitry within 
the layouts and environ- 
ments of your choice is 
included. Delta-T Cooler 
Kit offered to designers 
at cost (38.50). 5-Day 
money back guarantee. 


COOLING HANDBOOK INCLUDED 
Covers theory and practical tech- 
niques of temperature, power and 
air flow measurements 

Order from your distributor or write: 


|. SEMICONDUCTOR COOLER DIVISION 


WAKEFIELD ENGINEERING, INC. 


WAKEFIELD, MASSACHUSETTS 


© ‘ t a Phone: 245-5900 (Area Code 617) 
Distributed by: ALLIED RADIO CORP., Chicago — DALTON-HEGE, INC., 
Winston-Sa'em, N. C. — ELECTRONIC WHOLESALERS, INC., Baltimore, 
Washington, D. C., Melbourne, Fla., Miami, Fla. — ELMAR ELECTRONICS, 
Oakland. Cal. - NEWARK ELECTRONICS CO., INC., Chicago, Inglewood, 
Cal. — R. V. WEATHERFORD CO., Glendale, Cal. — ENGINEERING SUP- 
PLY CO., Dallas, Tex., Tulsa, Okla. 
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LAMP VOLTAGE (v)(Incandescent) 


Fig 4 Performance of the high-voltage Raysistor with- 
out wire-mesh closures over the openings in the corona 
shields. Penetration of the electric field into the 
enclosures causes gas in the cell or bulb to ionize. 
This effect is apparent from the change in cell-resist- 
ance-vs-lamp-current curves as voltage from the high- 
voltage source is increased. 


CORONA SHIELDS 


Ionization of gases within the light bulb and the photo- 
cell is prevented by surrounding the bulb and photocell 
with corona shields. The two shields, which are identical, 
are cylinders with one open end rolled into a torroidal 
shape to minimize corona formation points. Across the 
opening in the torroid is a wire-mesh screen to prevent 
penetration of the high electric field into the shield en- 
closure, so that both the bulb and the cell are maintained 
in a field-free space. 

Early tests without the wire mesh showed definite 
changes in the lamp current vs cell resistance curves as 
the high voltage was increased (see Fig 4). These changes 
were attributed to ionization of gases in the bulb or the 
cell caused by penetration of the field into the enclosure. 
Figure 5 shows how the wire mesh screen eliminates field 
penetration and improves performance. The shield assem- 
bly also serves as a true Faraday shield, minimizing capaci- 
tive coupling between the lamp and the signal circuits. 
This prevents ac voltage appearing across the lamp and 
signal circuits from being coupled into the signal circuit. 


OPAQUE ENCLOSURE 


Since the resistance-vs-light-intensity curve of the photo- 
cell is logarithmic, a very small amount of light has a 
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Fig 5 Performance of the high-voltage Raysistor with 
wire-mesh closures over the openings in the corona 
shields. The screens prevent formation of electric 
fields inside the enclosures, preventing any variation 
in performance as voltage from the high-voltage source 
is increased. 


pronounced effect on photocell resistance. An absolutely 
light-tight enclosure for the unit was therefore required 
to protect the photocell from interfering light. In addition 
to being absolutely opaque, the enclosure had to be dimen- 
sionally stable and non-hygroscopic and have very high 
dielectric strength. This combination of properties was 
hard to find. Most dielectric materials assumed to be 
opaque were found to be unsatisfactory under test. The 
problem was solved by a special filled epoxy formation 
which meets all requirements. 
Write No. 289 in Box on Inquiry Card 





WORTH FILING 


Potentiometer Performance 





Results of research into potentiometer performance under 
varying load conditions is discussed at length in a factual 
booklet. Loading, trimming, linearity and linearity test- 
ing, and life expectancy of the standard potentiometer are 
typical of the subjects that are analyzed. Also included 
are fine-point explanations of load compensated, quadra- 
ture compensated and single turn potentiometers, along 
with standard rotation-to-voltage transducers. 


Source: Analogue Controls 
Hicksville, N. Y. 
For Your Copy: Write No. 830 in Box on Inquiry Card 
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INDUSTRIAL 
INTERVAL 
TIMERS 


to 5.0 minutes 
. Accurate to 1% . . Dust-tight 


Timing ranges . . 0.5 second 


Adjustable . 


Advanced solid state circuitry eliminates motors, 
clutches, solenoids and other parts, the usual 
causes of failure in timers. 


The dependability, compactness and flexible con- 
trol circuits of the ELECTRO-TIME Interval 
Timers . . make them suitable for sustained 
contact, momentarily closed contact or recycling 
operations. 


NEW BULLETIN . . Write Today! 


Complete information on the new, attrac- 
tively priced ELECTRO-TIME models, 

as well as diagrams of standard 
contact arrangements. 







ELECT RG@-32e At 


CORPORATION 
946-B North Ave. .. Des Plaines, Ill. 
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This RO 
aka Om 


describes 


a new service which provides complete, 
pre-engineered “clean” or “white” 
package at one price including installation and 
employee training. 31 construction and operational 
details of a typical dust-controlled clean room 
are illustrated. 


rooms in one 


Write for your free copy 


Controlled En vironment, Inc. 


915 Great Plain Avenue @ Needham 92 @ Massachusetts 
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Solve Breadboard Needs Now 
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@ Wright Motors, Motor Tachs & Inertia Damped 

@ Advanced Designs, Including Very High Acceleration 

@ Full Production Quality Meeting All MIL Specs 

@ All Have Pinion Shafts .437”’ Long 

This NEW service on quantities up to 10 pieces per item. 
Normal fast delivery on larger quantities. 

SERVO STALL Ba. ST. |THEOR. 
MOTORS SIZE 01 @2 TORQUE SPD PWR/® | ACCEL. 
20D633-2C 8 26 26 22 6200 2.5 106,000 
20D633-4C 8 26 36 CT .22 6200 2.5 106,000 
20D632-4C 8 26 36 CT 39 6200 3.1 99,800 
20D627-2C 8 115 1 15/57 .33 6200 ft 98,000 
20D603-2C 11 115 115, ‘57 .60 6200 3:5 43,300 
20D603-4C 11 115 36 CT .60 6200 30 43,300 
20D590-2A 15 115 115/57 1.3 4800 6.2 27,800 
20D612-2C 18 115 115/57 2.3 4800 9.1 31,000 
MOTOR TACH.| STALL |N.L.| V. [TOTAL|THEOR. 
TACHS | SIZE} 1 02 V TORQUE | SPD} 1000} NULL | ACCEL. 
20D628-2C 8 | 115 | 115/57 26 .33 6200| .20 | .019 75,800 
20D631-4C 8 26 | 36CT 26 39 6200 | .20 | .019 | 80,500 
20D634-2C 8 26 | 26 26 .22 6200; .20 | .019 75,000 
20D634-4C 8 26 | 36CT 26 .22 6200; .20 | .019 75,000 
20D604-2F | 11 {115 115/57 115 .60 6200} .500| .019 32,600 
20D604-4F | 11 |115 | 36CT] 115 .60 6200} .500; .019 32,600 
20D593-2A | 15 | 115 115/57 115 1.3 4800 | 3.1 .019 17,500 
20D614-2C | 18 | 115 115/57 115 2.3 4800 | 3.1 .019 25,900 
INERTIA STALL STALL |N. L. 

DAMPED | SIZE} 01 02 TORQUE | POWER | SPD DAMPING 
20D618-2B 8 | 115 | 40/20 .30 3.5 6200 40 DYNE CM 
20D605-2D 2595 1115/57 .60 3.5 6200 100 DYNE CM 
20D613-2C 18 | 115 | 115/57 2.3 9.1 4800 | 750 DYNE CM 
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ELECTROTHERMAL 
ACTUATOR 


Power Packages Exert Forces 
500 Times Their Weight 


Forces from 30 to 200 pounds, and 
mechanical motion from one-eighth to 
six inches, or greater, can be gener- 
ated by a compact new electrothermal 
actuator which moves a piston when 
subjected to a temperature increase. 
Source of heat applied to the unit is 
from an integral electric resistance 
heater immersed in a fluid or wax 
within the body of the actuator. 
Pressure developed within the actua- 
tor, as a result of thermal expansion of 
the fluid or wax, is transmitted as a 
force to the piston through a synthetic 
elastomeric seal. The “built-in” heat 
source results in an extremely fast 
response and contributes to the com- 
pactness of the actuator. 

The new transducer, ranging in 
size from a sewing thimble to a loaf 
of bread, will perform the same pri- 
mary function as cumbersome electro- 
magnetic assemblies — in applications 
that require non-instantaneous opera- 
tion. Standard Thompson Corp., orig- 
inators of the new device, say it will 
replace these large assemblies at a 
fraction of their cost. 

Among the advantages of the new 
actuator are: very low current draw; 
no current regulation required; noise- 
less operation; and capability of exert- 
ing forces in excess of 500 times its 
own weight. 

Power-packages developed out of 
the actuator by Standard-Thomson 
will produce linear, rotary, and posi- 
tioning types of operation. 

Write No. 288 in Box on Inquiry Card 
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‘tua- 
n._ of THEN SPECIFY a 
~ P.B 
1etic & ; 
ym MERCURY 
as 
een _ WETTED 
| a | CONTACT RELAYS 
r in ; a s 
loaf An unusual combination of advantages found only ae JM SERIES ENGINEERING DATA 
pri- in mercury-wetted relays has led many design engi- oe 
>tro- neers to specify them for tough switching jobs. Here peer 
‘ions are but 3 typical characteristics of our JM series: 500 volt maximum 
vo RELIABILITY. Sealed-in-glass mercury contacts are 250 volt-amp max. with required contact protection. 
a renewed with every operation. Won’t pit or weld. Contact Configuration: 
me Make or break is positive . . . every time. No bounce, Each capsule SPDT. Combination of capsules in one 
° no chatter. Signals ranging from a few micro amps enclosure can form DPDT, 3PDT, 4PDT. (All 
to 5 amps are switched with singular consistency. Form D.) 
new 
er: LONG LIFE. Think in terms of billions of operations Terminals: 
ston, when considering JM series relays. Proper applica- Plug-in or hook solder; 8, 11, 14, or 20-pin headers. 
sat tion, of course, is a requisite. Coil Resistance: 
; its SPEED. Operate time is just less than 3 milliseconds 2 to 58,000 ohms. 
: using 2 watts of power. Release time is about 3.2 ° ° 
“ ee mre Uy n? 
t of milliseconds. Thus, relays can be driven 100 times poe More 2 uf ormation \E 
“son (per second. Write today for free catalogue. g 
0si- i If your project calls for exceptional relay perform- ™ 
4 ance, perhaps the answer lies in our JM Mercury- P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 
Wetted contact relay. 
. POTTER & BRUMFIELD 
SIGN DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY + PRINCETON, INDIANA 
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TRANSISTORIZED MACHINE CONTROLS 


Demand for faster and more 
complex machine operations 
and information handling plus 
improved reliability of semi- 
conductors prompted use of 
transistors in place of magnetic 
devices for industrial switching 
and control. 


To give machine control specialists a 
system that is (1) lower in cost and 
less complex for easy maintenance as 
compared to a magnetic amplifier con- 
trol system, and (2) higher in operat- 
ing speed and life expectancy as com- 
pared with relay control equipment, 
Delco Radio engineers established a 
development program for a_transis- 
torized static control system based 
on the following major design ob- 
jectives: 

® Economical reliable static control 
circuits that operate under wide sup- 
ply voltage variations and adverse 
environmental conditions. 

® Logic modules that can perform 
any conceivable machine control us- 
ing simple programming procedures. 
® Low cost power supply module 
that delivers power to operate all 
logic modules while maintaining 
safety and interlocking protection to 
prevent false operation of machine 
load members. 


ELECTRONICS PROBLEM 


One of the major design problems, 
reported by A. E. Vyzral, Mech. 
Engr. and J. E. Calabro, Elect. 
Engr., involved the development of a 
basic NOR circuit that withstands 
many parameter and power supply 
variations while operating at a suffi- 
cient power level to hold output am- 
plifier or inductor circuit requirements 
to a minimum. Their solution was to 
sacrifice a large number of inputs and 
outputs but retaining enough for a 
reasonable number of logic functions. 
Where a greater amount of inputs is 
required, diode OR circuits can be 
used. 

Basic NOR circuit, described in 
Fig 1, is essentially a 3-input inverter. 
Since the common emitter transistor 
amplifier effects signal inversion, it, 
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Fig 1 Appropriate input coupling networks and operating points, 
speed of response, output power level, and operating temperature 
range were the important parameters in designing this transistor NOR 
circuit (3-input inverter). Any device behaving as a switch dissipates 
a minimum of power in either the steady ON or OFF condition as 
contrasted to a partially transmitting state. Low power dissipation 
and temperature rise of Delco’s junction transistor, in either the ON 
or OFF state, gives the circuit high reliability. D. G. Wilson of Delco 
pointed out that for the simplest over-all system design, all logic 
should be performed by sensing discrete and steady signal levels. 
For this purpose, he said, direct coupling would be best since the 
least amount of signal manipulation is required. Thus, the circuit 
presents a very low input impedance to signal currents flowing into 
the base connection. Furthermore, the voltage drop from base to 
emitter necessary to make the transistor fully conducting is also very 
low because of the high transconductance of the device. To apply 
two or more input voltages. with a minimum of cross-coupling, it 
was necessary to connect a relatively large resistance from the base 
to each signal source. The circuit shown here has “m” signal inputs, 
each coupled to the transistor base through a large resistor R.. 
Selection of the desired number of inputs is somewhat arbitrary. 
However, experience has shown, Wilson stated, that 3 input logic 
devices accommodate a great majority of machine control require- 
ments. After becoming familiar with system input and output power 
requirements of machine control, engineers at Delco chose 1/10 of a 
watt for logic operations. At this level, dc power requirements for 
the logic would be relatively small and thus simplify power supply 
design. Yet the output signals can readily be amplified up to useful 
levels. 





therefore, became a matter of select- 
ing appropriate input coupling net- 
works and operating points to obtain 
the desired circuit. 


MECHANICAL PROBLEM 


According to D. G. Wilson, a mem- 
ber of Delco’s Industrial Electronics 
Group, earlier designs of static control 
systems were built up in conventional 


electronic rack mountings. Logic cir- 
cuits were on printed circuit boards 
with connectors attached to one edge. 
However, this was found to be very 
awkward because of the difficulty in 
making logic changes on the connec- 
tor side of the rack. 

Engineers at Delco studied the 
various forms of packaging and wir- 
ing with the prime objective of ob- 
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Fig 2 Logic card rack enclosure, of Delco’s machine control system, 
accommodates any arrangement of twenty cards consisting of 3-input 
transistor NOR, 4-input diode OR, memory, timer (adjustable from 


0.1 to 1 second) and power amplifier (20 or 50 watts) circuits. 





Fig 3 Semiconductor components are used throughout Delco’s power 
supply module for their static machine control system. Both 5.6 and 12 
volt outputs (logic and bias supply) are regulated against line voltage 
variations of 100 to 130 volts ac and the full range of loading. 12 volt 
section uses a one stage transistor regulator following a Zener voltage 
reference element. Since this circuit provides maximum negative feed- 
back to the transistor, long term performance is virtually guaranteed, 
according to D. G. Wilson of Delco. Zener reference circuit directly 
supplies the 5.6 vde bias. To prevent system malfunction, two other 
transistors are used in conjunction with 2 relays for safety interlocking 
circuits. These transistors both operate in the switching mode. Use of 
relays is indicated here, since in one case, complete circuit isolation from 
the ac line is demanded, and in others, use of additional transistor 
switches to replace relay contacts would make the circuit overly compli- 
cated. In normal operation, these relays are continuously energized. 
Rectifying the output of an isolation transformer gives the high voltage 
necessary for exciting switch input devices. This voltage is nominally 
120 volts de; however, it will vary since no regulation is employed. In 
order to prevent false operation of memory and timer elements, the 120 
volt potential is applied to the switch circuits when power is initiated. 
A time delay relay circuit then allows a 1 second delay before applying 
collector supply voltage to the normally off sections of memories and 
timers. Relay also breaks the 24 vdc to power amplifiers to prevent 
false operation of load members during the delay interval. To protect 
against the loss of the 5.6 vdc bias voltage, a transistor is connected in 
parallel with the time delay relay and biased to non-conduction by the 
bias voltage. If this voltage falls below 3 volts, the time delay relay 
de-energizes, cutting off the power. Also, the time delay relay inter- 
locks the line-holding relay circuit. This circuit consists of a transistor 
with a relay in the collector circuit which obtains excitation for the 
output side of the time delay relay. For normal line voltages (above 
100 vdc) the transistor is forward biased, allowing relay energization. 
Contact on this relay is in series with the input ac line. If the line 
voltage drops below 90 volts ac, transistor turns off and drops out the 
line-holding relay. Thermostatic switch, in series with the input line, 
opens at 160°F to prevent possible erratic operation of the system. 
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taining a rigid assembly enclosure 
that would contain the functional cir- 
cuits (individual logic, memory, tim- 
ing and amplifier circuit modules) 
and the means for supplying them 
power, while enabling the user to con- 
veniently program and remove the 
modules. 

Their solution was an _ enclosure 
rack (Fig 2) with plastic slides as 
module holders. Twenty of these 
modules plug into a mother board, at 
the bottom of the enclosure, to receive 
power. Programming of each card 
module is accomplished through taper 
pin terminal blocks on the top of the 
cards. Open top enclosure provides 
easy removal of the cards. 


LOGIC CIRCUIT MONITORING 


To hold costs to a minimum and still 
maintain maximum reliability, the 
engineers came up with an indicator 
circuit that requires negligible input 
power using only one stage of amplli- 
fication. They designed the circuit 
around a small, low current incandes- 
cent lamp operating from the logic 
supply voltages. (This type of in- 
dicator circuit is used in their input 
and output monitoring modules.) The 
lamp lights when a logical “1” is ap- 
plied to the input, which presents a 
load equivalent to any logic element 
input. The twenty logic monitor cir- 
cuits easily mount in a card rack. To 
mate with twenty functional circuits, 
this mounting rack fastens, by slide 
buttons, to the plastic wiring duct of 
the basic functional module. 


INPUT DEVICES 


Choice of compatible input devices 
to indicate machine conditions for 
static control is a controversial sub- 
ject, Wilson believes. Many people 
feel, he explained, that for those proc- 
esses for which static control is being 
considered, static sensing devices 
should also be specified. Wilson 
agreed that this was desirable, but un- 
fortunately, he pointed out, such de- 
vices have not generally reached the 
performance levels possessed by me- 
chanical switch devices. In discussing 
switch life, Wilson described the role 
it plays in Delco’s static control sys- 
tem. 

Life and reliability of input 
switches of all types, but especially 
limit switches, have been the cause of 
much concern, he said. In present 
relay machine controls, the switch 
is often required to carry heavy con- 
tactor or valve currents and although 
the switch is rated to handle this 
inductive load, its life is generally 
limited by the wear of the contacts, 
Wilson stated. In certain cases, this 
switch current can be reduced by in- 


* 


31 











C.1.C. 

PRECISION 

FRM 225) 
POTENTIOMETERS... : 


HERE $ ONE WAY TO SOLVE SERVO “HUNTING PROBLEMS... 


. Petes O7t 
ENT ent am, iti 
TERS Seema? ty n 





*Only C.1.C. Film Potentiometers can meet your most 
demanding specifications because they feature: 


a Infinite Resolution 
= Inherent Reliability 
= Precision Linearity 
= Low Operational Noise 
= Multi- Million Cycle Life 


x 





COMPUTER INSTRUMENTS CORPORATION 


92 MADISON AVENUE e HEMPSTEAD, L.I.,NEW YORK 





CIRCLE NO. 27 ON INQUIRY CARD 


POT PROBLEMS 











~ 


Write for Your FREE Copy, Today... 


This booklet presents some 
novel “fixes” for frantic users 
of wire-wound pots who just 
can’t tolerate the resulting prob- 
lems. More important — you'll 
find the one good solution to all 
pot problems. 


‘frit wy fulaw pots : 


Cre 


ELECTROMECHANICAL DESIGN 











oct 





st 
™ 
I 


IGN 





cena PenR IS IRAE 


ob baste ce 


OCTOBER 1961 








THE SIZE DIMINISHES; FE] THE POWER REMAINS AS HIGH 


Tiny New 3/8’ (0.375”) Squaretrim® 
Potentiometer Dissipates One Full 
Watt In Still Air! 
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The performance of this new Daystrom subminiature Squaretrim is as great as its half-inch cousins. Further, 
the one-watt rating is based on still-air tests...typical of our conservative specifications. Contained in a stack- 
able package only *8” square and just 14” thick, the new Series 200 Squaretrims permit great circuit density 
(27 per cubic inch) and the 144 different models offered give wide design latitude. The Series 200 Squaretrims 
range from 10 ohms to 35K, operate from —55 to +150°C, and need no mounting brackets for stacking. A true 
precision instrument with all the exclusive features of the Daystrom line, this new potentiometer is designed 
to meet MIL R-27208 and MIL R-22097. Write for detailed information. 
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PRECISION 


Precision in design and manu- 
facture is not sufficient to put your 
product up in the PRECISION 
orbit. Precision in thought, result- 
ing in precision planning and or- 
ganization is also required. This 
faculty which underlies our crea- 
tive engineering, our craftsman- 
ship and our manufacturing skill 
is our greatest resource. To this we 
owe our leadership in the design 
and manufacture of precision elec- 
trical, electro-mechanical and elec- 
tronic products. for the modern, 
ever-growing fields of instrumen- 
tation and automation. 





Send for your copy of 
The Boehme Brochure, now! 
There is no obligation, 
of course. 


H.O.Boehme, inc. 

Contractors, Designers, Manufacturers 
of Precision Electrical, Electro- 
Mechanical and Electronic 


| Equipment since 1917 - 


915 Broadway 
I York 10, N. Ragk. gies 
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terposing a relay to handle the load 
current. This means additional ex- 
pense and does not necessarily 
achieve a great increase in overall 
reliability, Wilson believes. One of 
the principal advantages of static con- 
trol is the tremendous increase in 
switch life, he declared. This is main- 
ly due to the fact that the switch only 
has to handle a few mils of current or 
roughly 1/1000 of their rating. 

Early in the development of tran- 
sistor static control, the Process De- 
velopment Section, at the request of 
the Delco engineers, made studies to 
determine the optimum voltage and 
current for limit switches. Results of 
this study showed that full mechani- 
cal life of the switch is realized for 
a de switch voltage in the range of 
100 to 150 volts and currents of less 
than 10 mils. These tests further 
established that many industrial limit 
switches have a mechanical life of 50 
million operations. 

Several different makes of switches 
were life-tested under these condi- 
tions. They were cycled to mechani- 
cal failure and when opened for ex- 
amination, the contacts were like new. 
From these tests, Wilson concluded 
that the use of high dc voltages is 
superior to lower voltages because of 
the increased ability to burn away any 
high resistance oxide tending to form 
on the contacts. Therefore, he said, 
transistor static. control, in addition 
to eliminating relays handling up to 
100 watts, greatly enhances switch 
life. 

For the above reason, Delco uses a 
de voltage of about 120 volts from its 
power supply to obtain signal currents 
from machine input switches. Resist- 
ance of about 30,000 ohms is put’ in 
series with each logic element input 
for which a switch input is required. 
If a particular switch device could not 





withstand this potential, then the 
lower supply voltages can be used. 

Photocell units of the photoconduc- 
tive type, in Delco’s system, provide a 
signal which is sufficient to drive a 
NOR unit directly without preampli- 
fication. This feature, Wilson said, 
eliminates a cumbersome relay ampli- 
fier unit normally required for ma- 
chine control. Similarly, sensitive 
pressure switches and probe contacts 
work directly into transistor static 
control units without additional am- 
plification. 


GENERAL SYSTEM DESCRIPTION 


Discrete electrical signals, either a 
voltage or no voltage, triggers the 
Delco static control system into ac- 
tion performing logical, memory and 
amplification operations. Control out- 
puts energize electromechanical ele- 
ments such as air or hydraulic valves, 
solenoids, contactor relays or clutches 
and brakes. 

Typical Delco control system con- 
sists of five basic modular system 
units: signal converter, the functional 
logic circuit module, the logic monitor 
module, output terminations /monitor 
module and power supply unit. 

To prevent false operation of ma- 
chine load members, the power sup- 
ply module, described in Fig 3, pro- 
vides safety and interlocking protec- 
tion. Power supply de-energizes under 
the loss or reduction of: bias voltage 
of 3 vde, ac line voltage below 90 for 
longer than 2 seconds, external switch 
supply voltage of 90 vdc, and logic 
supply of 6 vde. Also, an increase of 
ambient temperature above 160°F 
will cause power supply cut-off. 

In addition to fulfilling their de- 
velopment goals of high operating 
speeds, low cost, simplicity of design 
and increased reliability, engineers at 
Delco believe that the system offers 
the versatility required for today’s 
complex machine and process opera- 
tions. 

Write No. 276 in Box on Inquiry Card 





Digital Communications 


As an answer to the data processing 
industry’s long-standing requirement 
for a single unit that can adapt infor- 
mation from computers and other data 
equipment for communication — be- 
tween remote locations, ACF Elec- 
tronics has developed a flexible and 
expandable system of building-block 
communications devices for high- 
speed simultaneous transmission of 
digital information from a variety of 


sources. Called “ABCD” ACF Build- 


ing Block Communications Devices, 
make it possible for a user to install 
“plug-in” building blocks. As many 
as 16 different machines may simul- 
taneously feed their teletype, tape, 
punch card or other information into 
ABCD at the same time and then the 
equipment transmits the complete in- 
formation simultaneously at 4800 bits 
(600 individual characters) per sec- 
ond over a single line (channel) to the 
receiving point. There, similar ABCD 
equipment unscrambles the informa- 
tion. 
Write No. 558 in Box on Inquiry Card 
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Standardization on Higher Temperature Levels Envisioned 


Mo industrial motors have con- 

servatively designed insulation 
systems for the duties imposed on 
them. Loadings vary widely, and it 
is the integrated time-temperature in- 


fluence which affects the life of motor 


insulation. In actual practice, Rush- 
ing states, the great majority of motors 
have thermal lives of fifteen to twenty 
years. 


INSULATION REQUIREMENTS 


Located at the very heart of the motor 
where the forces are produced, insula- 
tion occupies valuable space. In the 
motor slots, it occupies as much space 
as the conductors and half as much 
space as the “bottleneck” sections in 
the iron circuit. Obviously, for econ- 
omy of design, insulations should be as 
thin as possible. 

The mechanical structure of an in- 
sulation system is strongly affected by 
varnish. For example, Rushing notes, 
when a glass fabric-varnish combina- 
tion is used for conductor insulation, 
the mechanics of a failure can involve 
varnish deterioration at excessively 
high temperatures, allowing the con- 
ductors to move and vibrate, thus 
wearing away the glass and allowing 
voltage breakdown. Or, he adds, if in 
a moist chemical environment the 
varnish deteriorates, the moisture and 
chemicals can penetrate the glass fiber 
and produce leakage paths leading to 
ultimate electrical breakdown. There- 
fore, good insulation systems require 
good varnishes for the temperature 
classification being used. 

Heat is generated in the copper and 
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Discussing the thermal endurance of motor insulations in a paper 
presented at the 1961 ASME Design Engineering Conference, 
Frank C. Rushing, Mgr., Motor & Gearing Engrg. at Westing- 
house Electric, traced the development of the major types of in- 
sulating materials and examined its effect on industrial motor 
standards. An abstract from his talk, presented here, constitutes, 
we believe, an excellent survey of these important materials. 








iron as well as in the bearings and 
cooling medium; but the greatest 
amount is in the copper and iron. Al- 
ternating magnetic flux in the iron and 
electric current in the conductors pro- 
duce heat. In open motors, outside air 
is blown over the conductors and iron 
to carry away the heat. In enclosed 
motors, heat is carried away from the 
outer housing surface, requiring con- 
duction through longer paths from the 
source of generation to the area of 
dissipation. Thus, Rushing concludes, 
the open motor is easier to cool. The 
motor design and application engi- 
neers work for optimums of heat-gen- 
eration control, heat-dissipation abil- 
ity, and protective-enclosure require- 
ments to produce the most economical 
solution for each application. 

By allowing higher temperatures 
and using insulation of correspond- 
ingly higher temperature | stability, 
Rushing declares, higher ratings can 
be obtained from totally enclosed fan 
cooled (TEFC) motors. For example, 
according to the NEMA standards for 
10-hp ac motors, the open motor pro- 
duces 15 percent more horsepower 
than the TEFC motor for the same life 
with essentially the same electrical 
parts and insulation. But, deviating 
from this standard and allowing the 


TEFC motor an additional 15-deg C 
temperature rise and providing cor- 
respondingly higher temperature in- 
sulation, its output could be increased 
to the same as the open motor and the 
life would be the same, Rushing 
stated. 

Many standards call for capabilities 
of operation under adverse conditions 
which increase the motor’s operating 
temperatures above the normal: 
® Plus or minus 10 percent voltage 
range will produce higher magnetiza- 
tion at higher voltage with resulting 
increased saturation of the iron and 
increased iron losses. At low voltage, 
the load currents are increased and 
give increased copper loss. 
® Locked rotor or stalled time must 
be allowed. It varies with size of 
motor and application, but 10 to 20 
seconds are frequently required on 
small sizes. The copper losses have to 
be low enough to avoid excessive in- 
sulation aging and even melting of the 
conductors. 
© Fifteen percent continuous overload 
capabilities are built into most stand- 
ard drip-proof motors in line with 
NEMA standards. 

After noting the above require- 
ments that insulation must meet, 
Rushing describes the development of 
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Fig 1 Thermalastic insulation, a mica and solventless poly- 
ester Class F system with outstanding moisture and chemical 


resistance. 


Fig 2 Epoxy encapsulated Class B system for application in 
moist, chemical environments. 





motor insulations as follows. 


VARNISH 


Oleoresinous varnishes, the mainstays 
for motor winding impregnations for 
many years, did a fair job of sealing 
against moisture and contributed to 
the mechanical strength of the wind- 
ing structure. They were used for 105 
C (Class A) and 130 C (Class B) 
temperatures. 

Then, according to Rushing, came 
the thermosetting varnishes of the 
phenolic type which have better bond 
strength while hot, are less sticky, 
and withstand chemicals and _ oil; 
some are good for 155 C (Class F). 

Polyester in solventless form came 
to provide improved impregnation and 
mechanical proerties to give better 
electric strength, and better resistance 
to moisture and chemicals. It is used, 
also, for molding and encapsulating. 
Some are suitable at 155 C (Class F) 
temperature. Extensive application has 
been carried out with the well known 
Thermalastic insulation system, Fig 1. 

An important addition was epoxy 
which has improved bond strength 
and improved alkali resistance. It is 
available in both solvent type and 
solventless type. The latter can be ob- 
tained in varieties to use for encap- 
sulating, Fig 2, or casting into heavy 
wall thicknesses. Epoxys are used for 
130 C (Class B) and 155 C (Class F). 

Silicones were then applied to ad- 
vance temperature levels up to 180 C 
(Class H) and 200 C. They are used 
widely as solvent-type varnishes, but 
are also available in solventless form. 
They have also been produced in 
rubber form for somewhat lower tem- 
peratures and are used in motors to 
give good moisture and chemical re- 
sistance. 
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WIRE INSULATION 


Fiber and Paper Coverings. Cotton 
was used for the early wire insulation. 
It was suitable for 105 C (Class A) 
temperature. Asbestos coatings first 
served for higher temperature, Class B 
(130 C), insulation. Glass fiber cov- 
ering came to improve mechanical 
properties and to reduce the insulation 
thickness. More recently, Dacron has 
been used with glass to further im- 
prove mechanical features and to en- 
able further reductions in thickness. 
Enamel Insulation of Wire. Over 20 
years ago, oleoresinous enamel was 
used for wire insulation. Then, a sig- 
nificant improvement was made with a 
poly-vinyl-formal enamel to produce 
Formvar. It is a 105 C (Class A) 
wire insulation with good mechanical 
and dielectric properties. It is much 
more rugged than fiber insulation and 
consumes only one third the space in 
practical use. 

A polyamide known as Bondar was 
later produced to provide higher tem- 
perature operation approaching 130 C 
(Class B). Polyesters have been pro- 
vided to gain still higher temperature 
levels, up to 155 C (Class F), with 
good mechanical and dielectric prop- 
erties. Epoxy has been applied in 
wire-enamel form to give improved 
chemical resistance. 

Modified silicones have served for 
wire insulation to give temperature 
capabilities up to 180 C (Class H). 
Teflon is available for temperatures in 
excess of 200 C. Aromatic polyamides, 
Rushing believes, are now looming as 
practical candidates for wire enamels 
with good mechanical characteristics 
and usable above 200 C. 

Fabric plus Enamel. To provide the 
ultimate in practical wire insulation, 
glass serving sometimes is used over 
enamel. It gives improved electric 


strength, provides spacing and me- 
chanical protection for the enamel, 
and holds varnish to give a good 
mechanical structure. It is used at 
the expense of extra insulation space 
and is economical in certain severe ap- 
plications. 

Ground Insulation. 
and spacing have been used for 
ground insulation. Varnish films in 
combination with cotton, glass, asbes- 
tos, and mica have been used exten- 
sively for appropriate levels of tem- 
perature. 

Paper in high-density composi- 
tions with some varnish as a binder is 
extensively used for 105 C (Class A). 
It provides spacing and _ electric 
strength. Commonly used are fish pa- 
per and rag paper. Usually used in 
combination with other materials 
which serve to increase the electric 
strength, paper has desirable physical 
properties for handling and for con- 
tributing to the mechanical structure 
of the insulating system, Rushing 
stated. 

Mica flakes and mica paper are used 
as high-temperature ground insulation. 
In practice, this flake insulation is 
supported on glass cloth, paper, or 
film, and the combination is held to- 
gether by varnish. It gives good elec- 
tric strength, Rushing notes, and 
serves as the strong link in the system 
giving dielectric protection even after 
the varnish may have deteriorated as 
a result of aging at high temperature. 

Mylar, a synthetic film, has been a 
boon to motor ground _ihsulation, 
Rushing believes, particularly for the 
lower voltage classifications. It has 
greatly improved mechanical proper- 
ties and higher electric strength as 
compared to paper and impregnated 
fabrics. Often it is used in combina- 
tion with other materials such as My- 
lar-paper or Mylar-mica. 


Dielectric films 
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Bistable Amplifier for 
Static relay control 





Richard B. Doorley, Mgr., New Products Div. 
Railway Maintenance orp., Pittsburgh, Pa. 


“Norbatrol helped us cut 
R&D time by 1 year with 
this Bistable Amplifier’ 


“Norbatrol’s Bistable Amplifiers solved many 
control problems in redesigning our McWilliams 
Jack-and-Production Tamper from manual to 
reliable, automatic operation. Now this RMC 
railroad surface machine operates electroni- 
cally—improves grade and cross level to ac- 
curacies never previously accomplished. And 
we got a bonus,” Mr. Doorley continues, ‘‘these 
rugged, reliable static relays cost less than 
alternate systems.” 

You, too, can speed development and pro- 
duction time with the ultrasensitive Bistable 
Amplifier—it replaces mechanical relays in 
critical control and regulating applications. 
The Bistable incorporates silicon controlled 
rectifiers, magnetic amplifiers and attendant 
circuitry to give multiple inputs as low as 
5 x 10-8 watts, fast response, high gain and a 
current output of 1 Amp at an 85° C. ambient. 


GET THE FACTS on design 
and application data—write for 


technical bulletin CS60. 
NE-1 


TI it 
NORBATROL 


Electronics Corp. 
DEPT. E 356 Collins Avenue 
Pittsburgh 6, Pennsylvania 
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Silicone rubber, as a dielectric film 
for ground insulation, is usually ap- 
plied as semi-cured tape and is con- 
solidated by heat and pressure. 

Improved temperature stability of 
treated paper is offering possibilities 
of further choices for insulation sys- 
tems. Urea-treated paper is being used 
for higher than 105 C (Class A) tem- 
peratures in transformers; papers of 
the aromatic polyamide family offer 
possibilities up to 200 C. 


FUTURE MOTOR TEMPERATURE LEVELS 


Rushing believes that the use of high- 
temperature insulation is increasing. 
This trend is indicated by the recent 
NEMA standardization on 130 C 
(Class B) temperature levels in dc 
motors and in various derivative lines; 
for example, wound-rotor induction 
motors. 

More of the specialty lines, Rushing 
observes, are coming out with 130 C 
(Class B) temperature; for example, 
encapsulated small integral horse- 
power motors, which have appeared in 
the past three years, use Class B. This 
was a case, Rushing explains, where, 
working copper and iron up to their 
capabilities pushed the heat higher 
than 105 C (Class A) temperatures 
and it was not practical to cool to 105 
C. Therefore, Class B insulation was 
used and the temperature allowed to 
go to 130 C levels. 

Users, Rushing declares, are de- 
manding more and more special mo- 
tors, which opens the door for appli- 
cation of higher temperature in special 
cases for reasons of economy. On the 
other hand, he adds, a. great many 
standard motors are used, especially 
ac motors. 

Looking into the immediate future, 
Rushing predicts: “Use of higher tem- 





standard NEMA ac motors will in- 
volve rerating motors to produce more 
horsepower with a given size. Such a 
rerating would have to be nationwide; 
it would have to be spearheaded by 
NEMA; and it would require the ac- 
ceptance of users. In 1952, there was 
a rerating of ac standard which re- 
sulted in over-all economies, although 
it did not involve changes in tempera- 
ture classes. The next such move, I 
predict, will involve use of Class B 
insulation (jumping beyond the pres- 
ent European practice which has es- 
tablished the use of 120 C [Class 
E}temperature level) and will entail 
giving insulation life equivalent to the 
present-day insulation life in USA 
practice.” 

Looking into the more 
ture, Rushing concludes: “The use of 
Class F (155 C) insulation and tem- 
perature levels on standard ac motors 
brings into sharper focus other limit- 
ing influences. The present-day basis 
for rating would not be optimum for 
the higher temperatures. For exam- 
ple, present standard torques deter- 
mine usage of a certain amount of 
copper and iron, and some motors 
would not require the allowed high 
temperature; this is a case where 
torque and not temperature sets the 
motor size. Other performance char- 
acteristics are similarly involved. An- 
other important factor will be the eco- 
nomic handicap of higher electrical 
losses due to increased conductor re- 
sistivity at higher temperatures. This 
will be of significance in operating 
costs and be an offsetting factor to 
other economies resulting from mate- 
rial savings. It is predicted that Class 
F insulation will grow in usage 
through special and definite purpose 
applications, to certain specific seg- 
ments of a line where temperature is 
a limit, and for increases in insulation 
reliability; but use of 155 C (Class F) 
temperature levels across the board 
for standard ac motors is not envi- 
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perature insulation economically in sioned in the foreseeable future.” © © 
WORTH FILING F 
Solenoid Valves for 
Stabilized Power Supply Corrosive Applications 
How a “frozen diode” circuit principle Comprehensive study of solenoid 


achieves superior regulation in a dc 
power supply without _ transistors, 
tubes or capacitors is described in a 
brochure. Feedback loop stabilizes 
(freezes) the voltage across the diode 
at a potential which provides a very 
low static and dynamic output im- 
pedance. Transient response is con- 
trolled primarily by the diode which 
effectively clamps the output voltage 
during load transients. 

Varo, Inc. 

Garland, Texas 

For your copy: Write No. 803 on Inquiry Card 


ource: 


valve selection for corrosive applica- 
tions includes a discussion of solenoid 
valve construction, a list of over 500 
corrosive chemicals commonly used in 
industry, seven pages of valve selec- 
tion charts, diagrams showing nor- 
mally closed and normally opened 
configurations, a flow-versus-pressure- 
drop chart, and the general informa- 
tion required to select the right sole- 
noid valve for a specific application. 
Source: Valcor Engineering Corp. 
Kenilworth, N. J. 
For Your Copy Write No. 801 on Inquiry Card 
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H. T. Gruber, Battelle Memorial Institute, Columbus, Ohio 


AN ANALOG APPROACH 
TO RELIABLE TRANSISTOR CIRCUITS 


A large void in present knowledge of transistors is how to 
determine design requirements for overvoltage and overload 
protective devices. Here's an economical solution through use 


of thermal modules. 


No matter what the initial cause for 
transistor malfunction or failure, the 
final cause is almost always too much 
heat dissipation at the transistor junc- 
tion. Junction heating is caused by 
the power dissipated at the junction. 
Naturally, we limit the applied volt- 
age to some level below the junction 
breakdown level. What about the cur- 
rent? How much current can we push 
through a transistor junction during a 
given period of time? The limiting 
factors are the maximum junction tem- 
perature rise we can tolerate and how 
fast we can remove the heat from the 
junction. If we know the junction 
temperature-rises produced by various 
forms of power input, we know one 
important limiting factor of transistor 
operation. Limiting the peak junction 
temperature to a safe level will help 
reduce transistor failures and operat- 
ing parameter degradation. The re- 
sult must be more reliable transistor 
circuits. 


TRANSISTOR THERMAL ANALOG 


Measuring junction temperatures 
under closely controlled conditions is 
very difficult and time consuming, and 
the conditions probably will not dup- 
licate the operating conditions of in- 
terest. Theoretical thermal analysis of 
the transistor involves much arithmetic 
drudgery or the use of a sophisticated 
computor. A more economical solu- 
tion to the problem may be obtained 
through use of a thermal model of the 
transistor. Solutions more accurate 
than those attainable with an analog 
are not justified, at the present time, 
because of the variability among tran- 
sistors even within the same 2N type 
number. Development of this analog 
method was carried out under Bu Ship 
Contract NO bsr-77579. 
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The first problem in the construc- 
tion of a transistor thermal analog is 
the determination of an equivalent 
circuit and the necessary circuit con- 
stants to represent the thermal circuit 
of the transistor. We shall consider 
two possible circuits: the transmission 
line equivalent circuit and the series 
string of parallel RC pairs equivalent 
circuit. 

Transmission Line Equivalent Cir- 
cuit. The transmission line equivalent 
circuit is made up of RC tee sections. 
Transmission line circuit constants 


Mounting 





Collector. 





may be computed from the geometry 
and the materials of the transistor. 
Here lies the major advantage; it is 
not necessary to have the actual tran- 
sistor to perform a thermal analysis. 
This equivalent circuit could be very 
useful to transistor manufacturers. A 
disadvantage of the transmission line 
circuit is the unknown thermal prop- 
erties of the welded or soldered joints. 
A transmission line circuit we con- 
sidered using is shown in Figure 1. 

Series String of Parallel RC Pairs 
Equivalent Circuit. The clue to the 
use of the series string of parallel RC 
pairs equivalent circuit lies in the 
manner in which a transistor junc- 
tion cools. A first inspection of a tran- 
sistor junction cooling characteristic 
shows that it is an exponential decay, 
which may be duplicated with a paral- 


Ambient 





Fig 1 Transmission line thermal equivalent circuit. 

This circuit is four parallel transmission lines, cross connected with resis- 
tors. If the transistor geometry is symmetrical, it is not necessary to use 
the parallel transmission lines. However, if the geometry is not symmetrical, 
the impedance of the various heat flow paths from the junction to ambient 
temperature is different and lateral heat flow will occur; thus the necessity of 
cross connecting resistors. From the circuit of Fig 1, it is obvious that we 
planned to divide the transistor into sections and lump the constants of these 
sections. This circuit is a simplified version of the circuit that would be 
necessary; more sections would be required closer to the transistor junction 
where the frequency response is higher. A 110 section transmission line 
thermal equivalent circuit was constructed and operated at the University of 


New Mexico’. 
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lel combination of resistance and ca- 
pacitance. A second closer look 
shows that the function is actually an 
exponential series, and thus a series 
string of parallel RC pairs. Mathemati- 
cal proof of the use of this circuit was 
demonstrated by P. R. Strictland.’ It 
is interesting to note that the original 
work upon which this proof is based 
was done back in the early 1930's.’ 
Data necessary for the computation 
of the circuit parameters are obtained 
experimentally from the transistor be- 
ing evaluated. The first step is tem- 
perature calibration of the reverse- 
biased collector leakage current. This 
is done by placing the transistor in 
an oven, heating the transistor to the 
desired temperature, and measuring 
leakage current for various values of 
collector voltage. The results we ob- 
tained from this temperature calibra- 
tion showed considerable variation of 
leakage current among transistors of 
the same 2N type number. The shapes 
of the characteristics were consistent, 
however. It is advisable to use five or 
six values of collector voltage because 
some individual transistors will exhibit 
I., temperature characteristics which 
actually show a decrease in leakage 
current with an increase in tempera- 
ture for specific values of collector 
voltage. This type of characteristic is 
useless for a temperature calibration. 
The second step is to heat the tran- 
sistor junction, remove the heating 
power, and measure the decay of I., 


Temperature ——————> 


Time 
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Fig 3 Transistor junction cooling curve 2N697 Network 1 calculations 


as the junction cools. The circuit used 
is shown in Figure 2. 

I., decay curves were translated 
into temperature decay curves. The 
value of the temperature of the heat 
sink, used during the experiment, was 
then subtracted from the decay curve 
and the results plotted on semilog 
graph paper were similar to the curve 
shown in Figure 3. Here, the hori- 
zontal axis is time and the vertical 
axis is temperature change in centi- 
grade degrees. This curve is an in- 
finite exponential series which con- 
verges very rapidly. Straight line ex- 
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Relays shown in load position 
Relay sequence: K-K-K- K, 
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Fig 2 Loading and measuring circuit used 
to obtain the Junction Cooling Characteristics 
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tension of the flat portion of the curve 
represents the first term of the expo- 
nential series. The difference between 
the straight line and the curve repre- 
sents the contribution of the remain- 
ing terms of the exponential series. 
The difference between the straight 
line and the curve was then plotted 
on semilog graph paper. This differ- 
ence curve has the same general shape 
as the curve shown in Figure 3. Here, 
the straight line extension of the flat 
portion of the difference curve repre- 
sents the second term of the expo- 
nential series. This process is repeated 
until the straight line and the curve 
are the same, within the desired limits 
of accuracy. So far this has occurred 
after 3 to 5 terms of the exponential 
series have been determined. 

For the sake of clarity, let us go 
through the calculation of the equiva- 
lent circuit constants for a 2N697 
transistor. Figure 4-A is a plot of the 
junction cooling characteristic of the 
2N697 transistor. From Figure 4-A 
we can see that the temperature 
across the first of the parallel RC pairs 
of our equivalent circuit was 98.7°C 
at time zero. The temperature had 
dropped to 93.0°C 100 milliseconds 
later. Temperature decay across the 
RC pair is described by the equation 

T(n) = T(0)e-*’*° 
where 
T(n) = the temperature at time t, and 
T(0) =the temperature at time zero. 
Thus, we have 

93.0 = 98.7e°"/*° 
Solving for RC we get 

RC = 1.689 seconds 
The value of R may be determined 
from the initial temperature across the 
RC pair which is actually the tempera- 
ture at the end of the loading period, 
when the temperature across the RC 
pair had reached a steady state con- 
dition. Thus, 
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R= T(0)/P 
where 
P = power applied during load- 
ing, in watts (the 2N697 was 
loaded at 2 watts). 
Substituting, we get 
R = 98.7/2 = 49.35°C/watt. 
Substituting the value of R in the time 
constant equation above, we get 
C = 3.42 X 10° watt-second/°C. 

The difference between the curve 
and the straight line of Figure 4-A is 
plotted in Figure 4-B. From Figure 
4-B we get 

T(0) = 17.9°C, 

T(n) = 4.01°C, and 

t == 0.05 seconds. 

From these values we may compute 

RC = 0.0334 seconds, 

R = 8.95°C/watt, and 
C = 3.735 X 10° watt-seconds/°C. 

The difference between the straight 
line and the curve of Figure 4-B is 
next plotted as shown in Figure 4-C. 
From Figure 4-C we get 

T(0) = 41.0°C, 
T(n) = 2.91°C, 
t =0.01 seconds, 
RC = 0.00378 seconds, 
R = 20.5°C/watt, and 

C = 1.844 X 10* watt-seconds/°C. 

The difference between the straight 
line and the curve of Figure 4-C was 
considered insignificant, so no further 
networks were computed. We shall 
go through the conversion of the 
above thermal units to electrical units 
after we have learned some of the 
limiting conditions imposed by the 
analog driving circuit. 

Analog Circuit. The complete tran- 
sistor thermal analog is shown in 
Figure 5. The analog network is 
shown on the right. Current through 
this network is equivalent to the heat 
flow in the transistor. Voltage that 
appears across the network is equiva- 
lent to the junction temperature rise 
above ambient temperature. 

Current for the analog network is 
supplied by a 6AU6 vacuum tube. 
The 6AU6 is operated so that for a 
given voltage input current output is 
constant from almost zero to 90,000 
ohms load impedance. Here, we 
have the first limiting factor for the 
conversion from thermal to electrical 
circuit constants: total resistance must 
be less than 90,000 ohms. The 6AU6 
current source delivers a current made 
up of three parts. (1) P. is a current 
equal to input power to the transistor. 
(2) P., is a current equal to leakage 
power of the transistor. (3) P, is the 
quiescent current delivered by the 
current source. Thus, voltage that ap- 
pears across the analog network equals 
the junction temperature rise and a 
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Fig 4A 2N697 Network 1 calculations 
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Fig 4B 2N697 Network 2 calculations 
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Fig 4C 2N697 Network 3 calculations 


8 10 


voltage caused by the quiescent cur- 
rent flow. 

Leakage power of the transistor is 
produced by a feedback loop in the 
analog. The feedback loop is based on 
the assumption that the leakage cur- 


rent temperature characteristic _ is 
closely approximated by 

a. ite Pas et? 
where 

I., == leakage current at junction 
temperature Tj, 

I’., = leakage current at ambient 
temperature, 

Tj = junction temperature in centi- 
grade degrees above ambient 
temperature, and 

k =a constant characteristic of 
the transistor. 

Thus, the leakage power is 

P.. =I’.. V.§ e**! 
where 

V. = collector voltage, and 

S = circuit stability factor. 
This equation for leakage power may 
be rewritten 

P.., = antilog |log I’., -+- log V, 
log S +- 0.4343kTjj. 

A voltage equivalent to Tj is ob- 
tained from the high side of the ana- 
log network by balancing out the 
quiescent voltage with battery E,,. 
Quantity 1/k is equal to the degrees 
temperature rise of the transistor 
junction required to double I[,, and 
this is usually of the order of about 11 
degrees centigrade. Therefore, the 
quantity 0.4343k is obtained through 
use of an attenuator. The quantity 
0.4343Tj is added to voltages equiva- 
lent to log /’.., log V., and log S$ with 
an adding amplifier. The antilog of 
this sum is obtained through use of 
an arbitrary function generator. The 
output of the function generator is a 
voltage equivalent to P.,. This voltage 
is added to a voltage equivalent to in- 
put signal power, and the sum of the 
two voltages is used to drive the cur- 
rent souce. 

Calibration is accomplished in the 
following manner. Let us use a 2N697 
transistor as an example. The 2N697 
transistor is a 2 watt silicon transistor 
with a maximum junction temperature 





Peo = antilog [logteo + log Ve + log S + 0.4343 ur] 
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Fig 5 Transistor thermal analog 
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The arbitrary function generator in- 
put and output are disconnected, and 
the attenuator is set for zero output. 
The log I’., voltage source is set for 
the value of J,, at 170 C. Voltage out- 
put of the adder is measured and re- 
corded. Log I,.. voltage source is 
then adjusted to the minimum [.,, 
value. For a 2N697 transistor, this 
is equal to a junction temperature 
of 90 C (about 1 microampere leak- 
age current. A d-c voltage is then 
applied to the signal generator input 
which will produce a voltage across 
the analog network equivalent to an 
80 C junction temperature rise (170- 
90 = 80). The attenuator is then 
adjusted so that the output equals the 
voltage recorded for /,, at a junction 
temperature of 170 C. 

The arbitrary function generator 
(previously adjusted so that the out- 
put is the antilog of the input) is now 
connected into the circuit. Log V. 
and log S voltage sources are then set 
for convenient values and the value of 
P., is computed. With zero signal 
input, the feedback calibration attenu- 
ator is adjusted so that current flowing 
in the analog network is equivalent to 
the computed leakage power plus the 
quiescent current flow. 

With the feedback loop discon- 
nected, a d-c voltage is applied to 
the signal generator input. The input 
calibration potentiometer is then ad- 
justed so that current flowing in the 
analog network is equivalent to the 
desired power equivalent for the volt- 
age input. The analog is now cali- 
brated and ready to operate. 

Conversion From Thermal to Elec- 
trical Parameters. Conversion from 
thermal to electrical equivalent circuit 
parameters must be done considering 
the limitations of the circuit used to 
drive the analog network. We have 
already stated that the maximum re- 
sistance of the analog network must 
be less than 90,000 ohms. Maximum 
current the 6AU6 can deliver and 
still maintain linear operation is about 
9 milliamperes while the quiescent 
current value is 1 milliampere. Thus 
the two major limiting conditions that 
must be considered when computing 
thermal-electrical equivalencies are a 
maximum resistance of 90,000 ohms 
and a current swing of 8 milliamperes. 
Now, let us go through a calculation. 

Total thermal resistance of the 
2N697 transistor is 78.80°C/watt 
(obtained by adding the thermal re- 
sistance from each of the three net- 
works). The numbers come out a 
little better if we use some multiple 
of 418 (conversion from gram-calories 
per second to watts) for the number 
of ohms equivalent to 1°C/watt. 
Therefore, let us define 
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836 ohms = 1°C/watt (1) 
From this we get the total resistance 
of the three networks equal to 65,877 
ohms, which is within our 90,000- 
ohm limitation. 
By definition 
1 g-cal/sec = 4.18 watts 
From Equation (1) we get 
836/4.18 ohms = 1°C/4.18 watts 
or 
200 ohms = 1°C/g-cal/sec. (2) 
The 2N697 transistor has a power 
rating of 2 watts. Let us define the 
maximum power the transistor thermal 
analog must operate at as ten times 


TABLE 1. 


the rating or 20 watts. Therefore, let 
us define 
20 watts = 8.0 ma 


or 
1 watt = 0.4 ma. 
By definition 
1 watt = 0.239 g-cal/sec. 
From this we get 
1 watt = 0.4 ma = 0.239 g-cal/sec 
or 
1 g-cal/sec = 1.674 ma. 
Ohm’s Law applies to both the 
electrical and thermal circuit. Thus 
E = IR = (1.674 X 10°) (200) 
= .3348 volts = 1°C 
or 
1 volt = 2.987°C 
By definition 


2N697 EQUIVALENT CIRCUIT CONSTANTS 





Resistance 





Capacitance 








Network °C/W K-Ohms W-Sec/°C Microfarads 
l 49.35 41.26 0.03420 40.93 
2 8.95 7.48 0.003732 4.46 
3 20.50 17.14 0.0001844 0.221 





1°C/w = 836 ohms 

1°C = 0.3348 volts 
lw = 0.4 ma 

1 w-sec/°C = 1196 uf 


TABLE 2. 


2N167 EQUIVALENT CIRCUIT CONSTANTS 





Resistance 





Capacitance 








Network °C/W K-Ohms W-Sec/°C Microfarads 
l 458.0 47.86 0.002287 2.186 
2 103.1 10.77 0.0001815 0.1735 
3 48.0 5.02 0.0000927 0.08862 
4 23.85 2.49 0.0000413 0.03948 





1°C/w = 104.5 ohms 
1°c = 1.288 volts 

l w = 12.31 ma 

1 w-sec/°C = 956 uf 


TABLE 3. 


2N326 EQUIVALENT CIRCUIT CONSTANTS 





Resistance 





Capacitance 


























Network °c/w K-Ohms W-Sec/°C Microfarads 
1 2.855 39.74 0.1342 9.634 
2 1.250 17.40 0.03680 2.642 
3 0.493 6.86 0.02475 L.var 
1°C/w = 13.92 K-ohms 
1°C = 1.392 volts 
l w = 0.1 ma 
1 w-sec/°C = 71.79 uf 
TABLE 4. 2N335 EQUIVALENT CIRCUIT CONSTANTS 
Resistance Capacitance 
Network °C/W K-Ohms W-Sec/°C Microfarads 
l 373 25.99 0.001394 19.91 
2 1]7 8.15 0.00002620 0.3741 
3 516 35.95 0.000001728 0.0247 
1°C/w = 69.67 ohms 
1°¢ = 0.3502 volts 
l w= 5.0 ma 


1 w-sec/°C = 14280 uf 


ELECTROMECHANICAL DESIGN 
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let 1.674 X 10° amperes = 1.674 X 1 watt-second == 0.239 g-cal 
10° coulombs/second — so 
or 1 watt-second/°C == 1196 
1.674 X 10° coulombs/second == microfarads 
1 g-cal/second Summarizing the above, we get 
Thus 1°C/watt = 836 ohms, 
1 coulomb == 597.4 g-cal 1°C = 0.3348 volts, 
By definition 1 watt = 0.4 milliamperes, and 
‘sec 1 farad = 1 coulomb/volt 1 w-sec/°C == 1196 microfarads. 
Thus These thermal-electrical equivalen- 
1 farad = 597.4 g-cal/2.987°C cies may now be used to compute the | 
the or electrical equivalent circuit. Results 
1S 1 farad = 200 g-cal/°C of this computation are given in Table | 
00) By definition 1. It may be seen from Table 1 that | 
he & 
TABLE 5. 2N341 EQUIVALENT CIRCUIT CONSTANTS 
Resistance Capacitance 
Network °C/W K-Ohms W-Sec/°C Microfarads 
= l 54.2 22.66 0.03275 78.27 
2 23.1 9.66 0.00195 4.661 What do 
3 72.2 30.18 0.0002244 0.5363 
eorerser Bow Pens have to do with 
; 1°c = 0.3361 volts | * « 2 ? 
1 w = 0.8 ma M t R g 
| w= 0.8 me iniature Bearings? 
TABLE 6. 2N384 EQUIVALENT CIRCUIT CONSTANTS 
They help us illustrate the 
: principle behind our famous 
; Resistance Capacitance RMB Filmoseal construc- 
Network °C/W K-Ohms W-Sec/°C Microfarads tion. The ink ina bow pen is 
§ held in place by capillary ac- 
= i , 240.0 50.16 0.004440 2.482 tion—so is the oil that forms 
- : 2 34.30 7.17 0.0007040 0.3365 the seal in the Filmoseal 
is 3 41.70 8.72 0.0000522 0.02495 bearing. This means sealing 
— is accomplished with no 
rubbing mechanical contact 
1°C/w = 209.0 ohms between rotating and sta- 
1°C = 1.395 volts tionary members. 
l w = 6.667 ma Here’s how it looks: 
= 1 w-sec/°C = 4780 uf 
TABLE 7. 2N502 EQUIVALENT CIRCUIT CONSTANTS 
oil resistant gasket—seals outer race 
: Resistance Capacitance 
t Network °C/W K-Ohms W-Sec/°C Microfarads 8 : 
ce ; l 400.0 27.87 0.0001582 2.268 | LAS lp 
an 2 68.8 4.79 0.0006057 8.686 “ee : 
— 3 484.0 33.72 0.000007 196 0.1032 we , RR. 
is % | capillary film —seals inner race 
‘ad i 
; 1°C/w = 69.97 ohms 
1°C = 2.232 volts 
. lw = 32.0 ma The advantages 
— i 1 w-sec/°C = 14340 uf are obvious: 
' 
; TABLE 8. 2N647 EQUIVALENT CIRCUIT CONSTANTS A SEALED BEARING WITH— 
. NO RUBBING FRICTION 
NO INCREASE IN TORQUE 
i Resistance Capacitance Y . . 
i 5 . " 3 ou can specify RMB Filmo- 
Network °C/W K-Ohms W-Sec/°C Microfarads seal bearings to /ow cost 
: ,or 5or 7 tolerances. 
; : a8 += oe Ss mea lands Vena from 
- 2 21.0 8.78 0.003175 7.588 1875” OD/.0550” Bore to 
} 3 14.0 5.85 0.0007520 1.797 "8661" OD/.3150" Bore. Im- 
is : wo Rs 5 caaies poo mediate delivery. Write for 
ie | ‘ a Fe QO. 0. 0.04876 complete data. 
{ Analog operates 10 times faster than real time. 
4 . 
i 1°C/w = 418 ohms LANDIS & GYR, inc. 
; «tpl gage 45 West 45th St. 
j ~ on New York 36, N. Y. 
: 1 w-sec/°C = 0.239 farads saad , 
; CIRCLE NO. 34 ON INQUIRY CARD 
IGN OCTOBER 1961 45 
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the values of the capacitances are 
rather large. We may reduce these 
capacitance values by a factor of 10 
by operating the thermal analog ten 
times faster than the transistor oper- 
ates thermally. 

Thermal Analog Operation 

There are two ways of operating the 
transistor thermal analog: with and 
without the feedback loop. The 
analog may be operated without the 
feedback loop under conditions where 
the leakage power is very small with 
respect to the input power. This is 
generally true for silicon transistors. 
Major advantage of operation without 
the feedback loop is that the results 
are valid for all values of collector 
voltage, ambient operating tempera- 
ture, and all the lower values of 
stability factor. 

Results obtained from the analog 
for silicon transistors show various 
junction temperature rises plotted for 
peak input power as a function of duty 
cycle. No conditions of collector volt- 
age, stability factor, or ambient tem- 
perature are defined. The results are 
valid for stability factors of less than 
100 and for ambient temperature con- 
ditions lower than about 20 or 30 
degrees less than the maximum junc- 
tion operating temperatures. 

Data for germanium transistors were 
taken using the feedback loop, for 
collector voltages of 100 and 50 per 
cent of rated, and ambient tempera- 
ture conditions of 25 C and 65 C. The 
junction temperature rises given are 
60 and 20 centigrade degrees which 
brings the junction temperature up to 
85 C. 

Thermal and electrical equivalent 
circuit constants for other transistor 
types may be found in Tables 2 
through 8. 

The analog was constructed so that 
the shunt and input resistors of the 
operational amplifiers were in plug-in 
units. This facilitates quick change of 
the weighing factors of the adder and 
the range of gain adjustment of the 
input calibration amplifier. 

Chassis Operating Conditions 

Thus far we have discussed tran- 
sistor operation on an infinite heat 
sink of variable ambient temperature. 
Chassis conditions may be introduced 
by the inclusion of a tee network on 
the lower end of the analog network 
representing the transistor. They may 
be computed from the geometry of 
the transistor mounting configuration 
or measured from the actual chassis. 
The tee network need not have many 
sections because the frequency re- 
sponse is low. 


Mounting of the transistors in air 
may be approximated by using the 
approximation that thermal resistance 
from the transistor to air is about 2 
times the internal thermal resistance 
for low power transistors, 8 to 9 times 
the internal thermal resistance for 
medium power transistors, and 35 to 
40 times the internal thermal resist- 
ance for power transistors. I cannot 
give proper credit for the above 
figures because I was unable to re- 
locate the source article. Thermal 
capacitance for mounting in air is the 
thermal capacitance of the transistor 
itself. A good average for the specific 
heat of a transistor is approximately 
0.12, and thus the thermal capacitance 
would be 0.12 times the weight of the 
transistor in grams. 

We hope that other organizations 
will profit from our experience, and 
construct and use transistor thermal 
analogs for their specific purposes. 
Operation of the analog is greatly 
simplified if the actual transistor oper- 
ating conditions are known when the 
problem is set up. Specialized wave 
shapes should present little difficulty. 
The results should be well worth the 
relatively small equipment cost. In- 
creased reliability of circuit operation 
must certainly result. 

The design and development of the 
transistor thermal analog was carried 
out for the Bureau of Ships under 
Contract No. NObsr-77579. The title 
of this project was “Determination of 
Requirements for Overvoltage and 
Overload Protection of Transistors”. 
The objective of the project was the 
determination of the design require- 
ments for transistors. The develop- 
ment of the transistor thermal analog 
represents only a portion of the proj- 
ect. In addition to this development, 
experimental work was performed to 
verify the analog results. A survey 
was also made of transistorized equip- 
ment manufacturers to determine what 
methods they are using to protect the 
transistors of the equipment they 
manufacture. 
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SHAFT ENCODER TESTER 


One Million Logic Operations 
In Less Than 3 Minutes 


Using self-correlation techniques to 
evaluate brush-type, V-scan shaft en- 
coders, Litton Systems’ dynamic test- 
ing unit compares consecutive in- 
terrogations with each other, instead 
of with a second “standard” encoder. 
Testing is accomplished under dy- 
namic driving conditions at variable 
shaft speeds up to 100 rpm with out- 
puts interrogated periodically or on 
demand. 

Logic circuitry requires that suc- 
cessive output words have changing 
value with an absolute difference no 
greater than one binary digit. If any 
other difference results, the compari- 
son logic generates an error signal 
which stops the tester and energizes 
a light corresponding to the track on 
which the error occurred. If no error 
signal is generated the encoder is 
driven to its zero value output posi- 


G@OSGeeee @ 


tion, after which the logic circuit gen- 
erates a signal to reverse the direction 
of shaft rotation. Cycling continues 
until the stop button or manual re- 
verse button is pushed, or a readout 
error occurs. Instrument can test en- 
coders in digital servos without the 
need of disassembly. 

Autocorrelation rate of 6.25 ke 
provides such a high degree of ex- 
posure to the entire V-scan output 


that it may be regarded as almost con- 
tinuous. At this rate, one million cor- 
relation/interrogations occur in less 
than three minutes of test time. A 
13-bit word can be compared with all 
other words in 80 microseconds with 
a sampling time of 120 nanoseconds. 
Tester self-checks its error circuitry 
when a_ push-to-test button is de- 
pressed. 


Write No. 283 in Box on Inquiry Card 
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MICROMINIATURIZATION 


We are far into new areas in applying microminiature proc- 
esses and techniques. Our staff openings are for engineers 
experienced in developing microminiature packaging con- 
figurations, micro-components, thin film processes and/or 
associated instruments and laboratory methods. Contact 


Mr. Donald Krause. 
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LITTON SYSTEMS, INC. Guidance & Control Systems Div. 
Woodland Hills, California 


Staff Representative 
nearest you: 

Mr. Norman Weber, 
221 Crescent Street, 
Waltham, Mass. 
TWinbrook 9-2200. 


Mr. Garrett Sanderson, 
375 Park Ave., 

New York City, New York. 
PLaza 3-6060. 


Mr. Robert L. Baker, 
360 No. Michigan Ave., 


Chicago, Ill. ANdover 3-3131 








*For all you combination-and-permutation buffs, here’s how the mathematics works out: The Series 1450 relay has up to 5 sets of SPSTNO contacts, each operate tects is 
by a separate cam with a 12-tooth ratchet wheel. The cams are assembled on a splined shaft so that almost any desired orientation can be obtained. Consider agcan be 
individual set of contacts. In any one complete 12-step rotation of the shaft, there are up to (2!2) different open-or-closed combinations for one set of conta 
(including the equally unlikely 12-open- and 12-closed combinations). Thus, the total number of different programs theoretically possible for all five sets of co 
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with one Cornell-Dubilier relay: more program: 


The number of different 12-step, 5-contact programs possible with the Cornell-Dubilier Series 145§ Relia 
relay is almost incredible—more than a billion-billion (1 x 10'*) different programs—more programs b shoc 


far than the total number of U.S. pennies ever minted!* . . . But versatility is only part of the story§ nylo 
; Spac 

Because switching programs in this small (412-02.) 5-pole relay are based on cam action, the exclusiv 
design of the ratchet and cam assembly can be adapted to deliver any required sequence without cross The § 
wiring! The one-piece pawl and stop simultaneously engages, advances and stops the ratchet, resultin relay 
in a positive-acting impulse-latching logic that stays without holding power! CDE 
appli 
7 Yet, surprisingly, the CDE Series 1450 relay costs 50-95% less than others that might only begin tq inter 
f meet your requirements. And you'll be interested in our exceptional delivery schedules —just 4 to @ dese 
weeks On most designs. s §6spec 


actual size 


The CDE Series 1450 program relay is suitable 


te If yo 
for sequential control of computer, military, Here are some additional performance details: mh 
machine tool, TV-remote or supervisory circuits. pe 


Available open, with dust cover, or hermetically Fast! 10 millisecs. max. for a .055 watt-sec. pulse. Coil ratings are 6 to 220 VDC or 60-cycle ACg cates 
sealed, with plug-in or solder terminal header. = Palladium, silver or gold contacts are available with ratings up to 7.5 amps, 115 VAC. CORN 
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ch operated tects is (2'2)5 or (2) = 1,152,921,504,606,846,976. Or, consider one setting of the 5 sets of contacts. In any one cam shaft position, the 5 sets of contact 
onsider agican be arranged in up to (25) different open-or-closed combinations. Thus the total number of combinations for all 12 different cam shaft positions is (25)!2 o 
of contact™ (2%), the same result as above. The Director of the U.S. Mint reports there were 1,990,112,655 one-cent pieces issued for circulation during fiscal year 196C 
Extending this approximate 2-billion pennies/annum figure back ovef this country’s almost 200-year history, the mathematical validity is quickly apparent 

; : eset rs 3 ; s : 


than all the U.S. pennies ever minted! 


ries 145§ Reliable! Designed and built for over 10 million operations! Substantially immune to vibration and 

\grams b§ shock, the standard Series 1450 is designed for operation up to 85° C. What’s more, the sintered 

the story§ nylon ratchet, stop and cam shaft switching system needs no lubrication over life. 

ae Space-Saving! 50 to 75% smaller than similar devices; weighs only 42-02. 

out cross} The series 1450 relay is only one of many cam-actuated, impulse-type programming and bi-stable 

resulting relays engineered and built by Cornell-Dubilier in its superbly-equipped plant in Fuquay Springs, N. C. y CORNELL 
CDE also produces the following complete lines of relays for commercial, industrial and military CDE . 
applications: high-reliability telephone-type relays, miniature semi-sensitive general-purpose relays, ‘ bf DUBILIER 

begin t@ intermediate multi-pole general-purpose relays, miniature heavy-duty power contactors, deliberately 

ist 4 to @ desensitized differential relays for electromechanical discrimination, solenoids and hundreds of 
special types. 


If you are in any way involved in specifying relays, contact your CDE representative or our Marketing 
Department. Convince yourself that in relays, as in hundreds of other electronic component and system 
categories, Cornell-Dubilier Can Do! 

CORNELL-DUBILIER ELECTRONICS, DIVISION OF FEDERAL PACIFIC ELECTRIC COMPANY, 50 PARIS STREET, NEWARK, NEW JERSEY 
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SERVOMOTORS Pe: a ul In Oct, 1958 Electromechanical Design pre- 


Performance Characteristics 


sented its first Components Digest, Part I, on 
servomotors. In the three years since the ap- 
pearance of this comprehensive presentation, 
the principal advances in servomotors have 
been in the area of miniaturization and high 
temperature performance. Miniature motors, 
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Company (See Buyer’s Guide) 


IMC MAGNETICS 








otor-g' 
creasil 
er). J 
Pw mo 
In thi 
anufa 





esent 
aracte 





ARAC 





11708-2 


2, 1.89 
8 


os 


5 
4 





035 





85 


15 
7.5 


75 


55 
125 








9.0028 





BARBER-COLMAN, MOTORS & COMPONENTS DIV. 
19107 Rock St., Rockford, Ill. 
BASLER ELECTRONICS INC., Box 269, Highland, Ill. 
BECKMAN INSTRUMENTS, INC., HELIPOT DIV. 
2500 Harbor Bivd., Fullerton, Calif. 
BOWMAR INSTRUMENT CORP., 8000 Bluffton Rd., Fort Wayne, Ind. 
CEDAR ENGRG. DIV., CONTROL DATA CORP. 
5806 W. 36th St., Minneapolis, Minn. 
CLIFTON PRECISION PRODUCTS CO. 
Marple at Broadway, Clifton Heights, Pa. 





EASTERN AIR DEVICES, INC., 385 Central Ave., Dover, N. H. 
EDISON, THOM. A., CO., INSTRUMENT DIV. 
36 Lakeside Ave., W. Orange, N. J 
FORD ELECTRONICS CORP 
11747 Vose St., N. Hollywood, Calif. 
G-M LABORATORIES, INC. 
4300 No. Knox Ave., Chicago, Ill. 
GENERAL PRECISION, INC., KEARFOTT DIV. 
Little Falls, N. J. 
GIANNINI CONTROLS CORP. 
1600 S. Mountain Ave., Duarte, Calif. 





2. Mode! No. BT707-5 BC904-2 BT904 BT905-3 BT1007 BT1407-1 BT1708-6 BT505 BT705-1 BT707-2 BT) 

3. Weight (oz.); 

Approx. Length (inches) 1.7, 1.22 1.6, 0.766 1.6, 0.766 2.3, 0.26 43,137 7, 1433 14, 2.23 0.68, 1.0 1.6, 1.06 1.9, 1.46 4.2, 

4. Size 8 10 10 10 WW 15 18 S 8 8 VW 

Ss. Frequency (cps) 400 400 400 400 400 60 60 400 400 400 400 

6. Rotor Inertia (gm-cm?) 0.89 0.47 0.47 0.66 1.07 3.3 4.0 0.15 0.65 1.0 1.07 

7. Stall Torque (in-oz) 0.26 0.18 0.31 0.50 0.63 1.5 4.2 0.09 0.33 0.35 0.63 

8. Internal Damping (dyne-cm-sec) 28.7 12.7 33.6 55 66.9 330 888 6.2 36.1 38.5 66.9 

9. No Load Speed (rpm) 6200 9500 6200 6200 6200 3200 3200 9500 6200 6200 620 
10. Time Constant (sec.) 0.031 0.037 0.014 0.012 0.016 0.01 0.0045 0.024 0.018 0.026 0.014 
11. Theoretical Acceleration 

at Stall (rad/sec?) 20600 27100 46700 53500 41500 32000 74400 42500 35500 3200 4150 

12. Effective Resistance (ohms) 390 2166 2470 757 457 2080 168 383 593 220 3800 

Control Phase 
13. Voltage Fixed Phase volts 115 115 26 115 115 115 115 26 26 26 115 
Voltage Control Phase volts 33 57 80 50 40/20 115/57 40/20 26/13 40 26 115 
14, Power Fixed Phase watts 3.2 1.5 3.2 4.1 3.5 6.4 9.5 1.75 2.7 3.06 3.5 
Power Control Phase watts 2.8 1.5 2.6 3.3 3.5 6.4 9.5 1.75 2.7 3.06 3.5 

15. Power Factor (Control Phase) 0.63 0.6 0.63 0.55 0.58 0.88 0.72 0.85 0.69 0.77 0.58 
16. Operating Temp. Range (°C) —55 —55 —55 —55 —55 —55 —55 —55 —55 —55 —55 

+125 +125 +125 +125 +125 +125 +125 +125 +125 +125 +12 

Bs Company (See Buyer’s Guide) BASLER ELECTRONICS 1 DAYSTROM TRANSICOIL 

2. Model No. MARK 14 MARK 14 MARK 7 MARK 7 2 5M4 8M4 8MF4 11MA2 1 

MOD 2 MOD 3 MOD 1 MOD 2 
3. Weight (oz.); 3 0.7, 31/32 1.5, 61/64 2.6, 1.82 4.5, 1.5 9, 
Approx. Length (inches) 3.5, 1.7 as, 17 8.0, 1.6 8.0, 1.6 

4. Size 11 VW 15 15 4. 5 8 8 | 

§. Frequency (cps) 400 400 400 400 5. 400 400 400 60 

6. Rotor Inertia (gm-cm?) 1.07 1.07 3.2 3.2 6. 0.19 0.19 0.7 1.2 

7. Stall Torque (in-oz) 0.6 0.6 1.45 1.45 A 0.10 0.20 0.2 1.0 

8. Internal Damping 64.2 64.2 202 202 8. 120 

(dyne-cm-sec) 

9. No Load Speed (rpm) 6300 6300 4800 4800 ?. 10060 10000 10000 59000 950 
10. Time Constant (sec.) 0.0166 0.0166 0.0158 0.0158 10. 0.028 0.014 0.0058 0.0057 0.00 
11. Theoretical Acceleration 39596 39596 31990 31990 11. 37200 74500 20000 3200 770 

at Stall (rad/sec?) 
12. Effective Resistance (chms) 3700 9200 1900 7700 12. 398 640 640 370 370 
Control Phase 
13. Voltage Fixed Phase volts 115 115 115 115 13. 26 26 26 115 115 
Voltage Control Phase volts 115/57.5 180/90 115/57.5 230/115 26 33 33 36 36 
14. Power Fixed Phase watts 3.5 3.5 6.8 6.8 14. 1.7 1.7 1.7 3.5 3.5 
Power Control Phase watts 35 3.5 6.8 6.8 1.7 1.7 1.7 3.5 3.5 
15. Power Factor (Control Phase) _ - - _ 15. 0.654 0.669 0.644 0.845 0.69 
16. Operating Temp. Range 16 —55 —55 —55 —55 —55 
(°C) +150 +150 +150 +150 +125 +125 +125 +125 +1 
BUYER’S GUIDE 
DAYSTROM INC., TRANSICOIL DIV., Worcester, Pa. 
AMERICAN ELECTRONICS, INC., INSTRUMENT DIV. DIEHL MFG. CO., 1221 Finderne Ave., Somerville, N. J. 
9503 W. Jefferson Bivd., Culver City, Calif. 
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otor-generators, and gearheads are becoming 
creasingly available in size 5 (14 inch diam- 
er). Temperature ratings are up to 200°C on 
pw models. 

In this presentation, we have again queried 
anufacturers about their latest models and 
esent below a tabulation of performance 
aracteristics as they were submitted. 


COMPONENTS 


DIGEST 








ARACTERISTICS OF SERVOMOTORS 





























5 GM LABORATORIES UP SCHAEVITZ 
1708-2 BT1708-8 BT1007J BT1007-3 2 556A 5421A 5437A 5245A 5073A 53104A 2. DM - 10 DM 
2, 1.89 12, 1.89 6.5, 2.18 4.2, 1.32 3. ae, t2 a5, 14 42, 17 8.0, 1.6 11, 1.8 12, 2 3. 1.75, 4 26, 3.6 
8 18 1 iD 4. 10 W 1 15 18 18 4. 10 23 
(00 400 400 1600 8. 400 400 400 400 60 400 5. 400 60 
0 4.0 1.0 1.07 6. 0.5 1.07 1.07 3.2 10.5 4.0 6. 0.44 --- 
5 2.8 0.63 0.1 oe 0.26 0.60 0.60 1.45 2.5 2.25 r A 0.35 14 
14 190 100 3.1 8. 17.5 60.7 60.7 202 1052 317 8. 59 --— 
000 9800 6200 22,000 9. 10000 6300 6300 4800 1600 4800 9. 9000 3490 
0.021 0.01 0.35 10. 0.0285 0.0176 0.0176 0.0158 0.0099 0.0126 10. 0.014 —— 
49500 44490 6400 11. 36722 39547 39547 31990 16807 39547 11. a --— 
808 457 121 12. 205 3778 231 1945 1653 1453 12. 2500 4200 
115 115 26 13. 26 115 115 115 115 115 13. 115 115 
115/57.5 40/20 20/10 26 115 30 115 115 115 75 150 
16.5 35 3.6 14. 3.3 3.5 3.9 6.8 8 9.1 14. 3 14.7 
16.5 3.5 3.3 3.3 3.5 3.9 6.8 8 9.1 
0.62 0.55 0.77 15. - : ~ -- =. 1S. 0.65 0.70 
—55 —55 —55 16. 54 -54 —54 —54 54 —54 16. 0 0 
+125 +125 +125 +-125 +125 +125 +125 +125 +125 125 +100 +100 
TRANSCO PRODUCTS % FORD EL. 1. PHOTOCIRCUITS CORPORATION 
1IMAF2 15MA2 15MF8 18BMAF2 12-A 12-B 15-A 15-B 2 18-All = 368 488 668 1028 
8, 2.31 ra, Gar 12, oe 18, 3.4 3 4.2 ~ 4.2, 5.6, —— 5.6, —— 3 12, 2.25 3. 48 104 208 912 
2.25 2.4 2.53 4.72 
] 15 15 18 4. 12 12 15 15 4. 18 4. 12 42.5 140 1000 
0 60 400 60 S. 400 400 400 400 S. 60 §. DC DC DC DC 
0 3.2 5.4 5.8 6. 1.0 06 1.8 0.9 6. 9.5 6. 0.694 3.194 16.060 114.975 
.0 2.0 1.45 4.0 7. 0.8 0.3 1.0 0.45 7. § + 60 220 1150 8500 
00 1400 1400 8. 60 25 85 31 8. ~ = 8. Available in several ranges 
b00 3200 5000 3200 9. 6500 6200 7000 6300 9. 3400 9. 5000 4800 2800 1700 
0028 0.0076 0.0038 0.0041 | 10. 0.015 0.010 0.013 0.009 . — 10. 0.034 0.040 0.024 0.020 
200 44100 19000 48750 11. 40000 62000 42000 65000 11. 11. Varies with operating voltage 
(pulse technique) 
70 212 212 164 12. 450 450 510 510 12. a 12. 0.63 0.971 0.52 0.464 
15 115 115 115 13. 115 115 115 115 13 115 13. DC Dc Dc DC 
6 36 36 36 115 115 115 115 26 
5 6.1 6.1 + 14. 4.0 4.0 4.6 4.6 14 25 14. DC DC DC DC 
5 6.1 6.1 9 4.0 4.0 4.6 4.6 12 
845 0.792 0.506 0.817 15. - ~ es -— 15. —~- 15. DC DC DC DC 
55 —55 —55 —55 16. —50 —50 —50 —50 16. —55 16. —54 54 —54 —54 
125 +125 +125 +125 +125 +125 +125 +125 +75 +50 +50 +50 +50 
YER’S GUIDE 
C MAGNETICS, 570 Main St., Westbury, L.I., N. Y. ROTATING COMPONENTS, INC. 
H REG. CO., BROWN INSTRUMENTS DIV. 267 Green St., Brooklyn, N. Y 
ayne & Windrim Aves., Philadelphia, Pa. SCHAEVITZ ENGRNG. 
IRHEAD INSTRUMENTS, 441 Lexington Ave., New York, N. Y. U.S. Route 130 & Schaevitz Blvd., Pennsauken, N. J. 
ATIONAL PNEUMATIC CO., HOLTZER-CABOT DIV. SERVOMECHANISMS, INC., MECHATROL DIV. 
125 Amory St., Boston, Mass. 1200 Prospect Ave., Westbury, L.I., N. Y. 
DRDEN DIV. OF U.A.C., KETAY DEPT. TRANSCO PRODUCTS, 12210 Nebraska Ave., L. A., Calif. 
Commack, L.I., N. Y. WESTERN GEAR CORP., ELECTRO PRODS. DIV. 
BTER, JOHN, MFG. CO., AVIONIC DIV. 132 W. Colorado St., Pasadena, Calif. 
1 Main St., Racine, Wisc. WRIGHT MACHINERY CO., DIV. OF SPERRY RAND CORP. 
OTOCIRCUITS CORP., 31 Sea Cliff Ave., Glen Cove, N. Y. Durham, N. C. 
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i ncenemmamsanientl 
SUMMARY OF PERFORMAN <5 ‘HARACT 
= i minemianien 
Company (See Buyer’s Guide) WRIGHT MACHINERY CO. 
2. Model No. 20D633-2 200633-4 20D627-2 20D624-4 20D619-2 20D591-4 20D602-4 20D611-2 20D647-4 20D595-4 92-2 
3. Weight (oz); 
Approx. Length (inches) 1.25, 0.831 1.25, 0831 1.55, 1.052 1.55, 1.052 2.25, 1.263 7.3, 1.518 4.5, 1.39 12.2, 1.900 12.2, 1.716 1.25, 0.831 _ 0.927 
4. Size 8 8 8L 8L 9 15 iB 18 18 8 
5. Frequency (cps) 400 400 400 400 400 400 400 400 400 400 ; 
6. Rotor Inertia (gm-cm’) 0.147 0.147 0.248 0.195 0.833 2.3 0.980 4.0 4.0 0.12 5 
7. Stall Torque (in-oz) 0.22 0.22 0.33 0.35 0.25 1.3 0.60 2.3 2.7 0.20 0 
8. Internal Damping 
(dyne-cm-sec) 24.0 240 35.9 24.1 17.2 183 65.4 295 1.86 13.8 § 
9. No Load Speed (rpm) 6200 6200 6200 9800 9800 4800 6200 4800 9800 9800 « | 
10. Time Constant (sec.) 0.00613 0.00613 0.0069 0.0081 0.0484 0.0180 0.015 0.0136 0.0215 0.00872 19 
11. Theoretical Accelergtion 
at Stall (rad/sec*) 106000 106000 98000 127000 21100 4800 43300 31000 47800 118000 00 q 
12. Effective Resistance (ohms) 
Control Phase 273 518 3790 398 280 206 364 1460 80 570 
13. Voltage Fixed Phase volts 26 26 115 115 26 115 115 115 115 26 
Voltage Control Phase volts 26 36 115/57.5 36 26 36 36 115/57.5 36 36 
14. Power Fixed Phase watts 25 2.5 3.5 3.2 2.3 6.2 3.5 9.1 16.2 2.2 ( 
Power Control Phase watts , 3. 2.5 3.5 3.2 2.3 6.2 3.5 9.1 162 2.2 ( 
15. Power Factor (Control Phase) 0.778 0.778 0.775 0.620 0.722 0.482 0.575 0.438 0.666 0.682 ) ( 
16. Operating Temp. Range (°C) —55 —55 —55 —55 —55 —55 —55 —55 —55 —55 j 
+125 +125 +125 +125 +125 +125 +125 +125 +125 +125 5 
neers 
1. Company (See Buyer’s Guide) THOMAS A. EDISON INC., INSTRU. DIV. 
2. Model No. M8003-12 M10001-11 M10002-12 M11001-11 M11001-19 M15002-15 M15002-17 M18002-11 M18002-13 M18002-16 1126-4 
3. Weight (oz.); Approx. Length (inches) 1.5, 0.95 1.5, 0.91 1.45, 0.76 4.5, 1.70 4.5, 1.70 7.5, 1.62 7.5, 1.62 12.2, .2.0 12.2, 2.0 in ee ‘ 
4. Size 8 10 10 11 1 15 15 18 18 18 5 
5. Frequency (cps) 400 400 400 400 60 400 60 400 60 60 400 
6. Rotor Inertia (gm-cm°) 0.85 0.48 0.46 1.1 1.1 3.3 3.3 4.0 4.0 4.0 0.175 
7. Stall Torque (in-oz) 0.20 0.28 0.30 0.60 0.60 1.45 1.45 2.35 3.3 3.3 0.10 
8. Internal Damping (dyne-cm-sec) -- - - -- - -- - _ ? 
9. No Load Speed (rpm) 6200 9000 6500 6200 3100 4800 3100 4800 3100 3100 9800 
10. Time Constant (sec.) 0.0416 0.025 0.015 0.017 0.008 0.016 0.010 0.012 0.0055 0.0055 
11. Theoretical Acceleration at Stall 16800 42700 49000 41500 39800 32000 32000 42000 65000 65000 
(rad/sec*) 
12. Effective Resistance (ohms) 357 1785 250 3800 865 246 1900 1460 1390 168 
Control Phase 
13. Voltage Fixed Phase volts 26 72 26 115 55 115 115 115 115 115 2% 
Voltage Control Phase volts 26 72 26 115 55 40 115 115 115 40 6 
14. Power Fixed Phase watts 2.4 2.8 2.7 3.5 3.5 6.5 6.5 9.5 9.5 9.5 17 
Power Control Phase watts 2.4 2.8 2.7 3.5 3.5 6.5 6.5 9.5 9.5 9:5 17 
15. Power Factor (Control Phase) 0.76 0.73 0.63 0.58 0.80 0.48 0.73 0.43 0.77 0.77 ; 
16. Operating Temp. Range (°C) —55 —55 —55 —55 —55 —55 —55 -55 —55 -—55 55 
+125 +125 +125 +125 +125 +125 +125 +125 +125 +125 412! 
ctmmuatienmiind 
1. Company (See Buyer’s Guide) BECKMAN INSTR., HELIPOT DIV. a. $ 
2. Model No. 9005- 9008- 9008- 9011- 9011- 9015- 9018- 9018- 2 1181-3 11S1-14 |-28 
1502-0 1501-0 1502-0 1501-0 1503-0 1502-0 1501-0 1503-0 
3. Weight (oz.); 3. 4.5, 27/64 4.5, 27 27/64 
Approx. Length (inches) 0.6, 5, 1.6, 4,- 9 8, 15, 15, — 
4. Size 5 8 8 1 1] 15 18 18 4. 11 | 
5. Frequency (cps) 400 400 400 400 60 400 400 60 S. 400 400 
6. Rotor Inertia (gm-cm*) 0.14 0.18 0.27 1.07 1.07 1.07 4.0 4.0 6. 1.07 1.07 
7. Stall Torque (in-oz) 0.1 0.22 0.33 0.6 0.65 1.45 2.4 4.0 & 0.6 0.6 
8. Internal Damping 8. 
(dyne-cm-sec) 6.7 25.0 37.0 67.5 137 164 325 900 
9. No Load Speed (rpm) 10000 6000 6000 6000 3200 6000 5000 3000 7 6200 6200 ) 
10. Time Constant (sec.) 0.021 0.0075 0.0075 0.016 0.008 0.0065 0.012 0.0045 10. 0.017 0.017 |. 
11. Theoretical Acceleration I. 41500 41500 0 
at Stall (rad/sec”) 50000 86500 86500 41500 43000 100000 42500 70000 
12. Effective Resistance (ohms) 12. 457 193 ? 
Control Phase 544 403 311 410 533 186 9375 8711 
13. Voltage Fixed Phase volts 26 26 115 115 115 115 115 115 13. 115 115 
Voltage Control Phase volts 33 33 33 40 40 40 300 280 40/20 26 190 
14. Power Fixed Phase watts 2.0 3.1 3.5 3.9 3.0 8.5 9.2 9.0 14. 3.5/3.5 3.5/3.5 bs 
Power Control Phase watts 2.0 2.7 3.5 3.9 3.0 8.5 9.6 9.0 
15. Power Factor (Control Phase) 0.87 0.63 0.61 0.56 0.76 0.5 0.43 0.64 15. 0.55 0.55 ; 
16. Operating Temp. Range (°C) —55 —55 —55 —55 —55 —55 —55 —55 16. —55 —55 j 
+130 + 130 +130 +130 +130 +130 +130 +130 +125 +125 25 
1. Company (See Buyer’s Guide) M-H REG. CO., BROWN INSTR. DIV. 1 HOLTZER-CABOT D TONAL 
2. Model No. 362479-1 362479-2 362479-3  362479-4 362479-5 362480-1 362480-2 702199 2. 2405 2407 
3. Weight (oz.); 3. 24, 2.3 28, 2.4 7 
Approx. Length (inches) 29, 2.75 29, 2.75 29, 2.75 29, 2.75 29, 2.75 29, 2.75 29, 2.75 29, 2.75 
4. Size - . . - ms - 4. 41/16 dia. 41/16 >Re dia. 
5.- - Frequency (cps) 60 60 60 25 25 60 25 60 5. 60 60 
6. Rotor Inertia (gm-cm*) 27 27 27 27 27 27 27 27 6. 12 16 
7. Stall Torque (in-oz) 28 68 145 46 23 13.9 9.7 45 Ws 1.8 3.3 | 
8. Internal Damping 8. 800 1350 } 0 
(dyne-cm-sec) = ~ . -- - — _ -- | 
9. No Load Speed (rpm) 152 50 26 25 49 345 139 103 9. 1500 1600 
10. Time Constant (sec.) — - -- - - -- 10. 0.014 0.012 le 
11. Theoretical Acceleration 11. 11000 15000 |} do 
at Stall (rad/sec’) - - ois = sa ns ~ , 
12. Effective Resistance (ohms) 12. 8800 10000 r 
Control Phase 26450 26450 26450 13225 13225 26450 13225 26450 
13. Voltage Fixed Phase volts 115 115 115 115 115 115 115 115 13. 115 115 
Voltage Control Phase volts 115 115 115 115 115 115 115 115 120 200 
14. Power Fixed Phase watts 11.0 11.0 11.0 4.0 4.0 11.0 4.0 11.0 14. 7.5 8.8 
Power Control Phase watts 0.5 0.5 0.5 1.0 1.0 0.5 1.0 0.5 2.0 4.5 
15. Power Factor (Control Phase) 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 15. 0.57 0.5 
16. Operating Temp. Range (°C) —18 —18 —18 —18 —18 —18 —18 —18 16. 0 0 
. +66 +66 +66 +66 +66 +66 +66 +66 +50 +50 |§ 
te 
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POE TRE 
ORMAN 78 HARACTERISTICS OF SERVOMOTORS, con't. 
ay 
BOWMAR INSTRUMENT 
D595-4 92-2 20D649-2 2. M80-000 M80-004 M80-005 M100-500 M110-501 M100-504 M105-500 M110-500 
5, 0.831 | 0.927 7.1, 1.443) 3. 1.7, 1.20 1.7, 1.20 1.7, 1.20 1.8, 0.961 1.8, 1.012 1.8, 0.959 4.5, 1.453 4.5, 1.453 
15 4. 8 8 8 10 10 10 HW TF 
) ; 400 5. 400 400 400 400 400 400 400 400 
2 6 1.0 6. 1.07 1.07 1.07 0.46 0.46 0.46 1.07 1.07 
0 0 1.35 7. 0.35 0.35 0.40 0.30 0.28 0.24 1.00 1.00 
8. 363 36.3 Al.5 31.1 32.6 40 5 21.7 21.7 
8 5 147 
0 ' 6200 9. 6500 6500 6500 6500 5800 4000 6200 6200 
0872 0.0068 10. 0.030 0.030 0.026 0.015 0.015 0.016 0.0098 0.0098 
11. 23000 23000 23000 49000 49000 36800 66000 66000 
8000 00 95500 
12. 218 218 218 250 4300 170 2170 2170 
0 1990 
115 13. 2 26 26 26 115 26 115 115 
115/57.5 26 36 26 26 36 35 115 230 
6.8 4. 3.1 3.1 3.1 2.6 3.07 4.0 6.1 6.8 
) 6.8 3.1 3.1 3.1 2.6 2.53 2.5 6.1 6.8 
82 6 0.475 15. 0.72 0.73 0.72 0.63 0.625 0.53 0.58 0.58 
55 55 16. 54 54 54 54 54 55 55 55 
125 r +125 +125 +125 +125 +125 +125 +125 +125 +125 
; 
KEARFOTT DIV., GENERAL PRECISION 
“pty 3126-02 —-R123-2 R125-6 R118-1 P121-02 R119-24 R110-2-22 423295-1 R110-5-25 1175-091 R112-5 R160-2 
eye 1.6, 1.24 1.0, - 1.45, 0.97 Fa 4.5, 1.74 7.3, 1.56 7.3, 7.3, 1.56 12.2, 1.89 Ba 2h 
5 8 8 10 10 N 15 15 15 18 18 18 
0 400 400 400 400 400 400 400 400 400 400 400 60 
; 0.175 1.07 0.46 0.46 0.46 1.07 3.3 3.3 3.3 4 4 4 
0.10 0.33 0.10 0.30 0.28 0.60 1.53 1 1.53 2.4 2.8 3.48 
7 35.8 19.2 57.5 18.9 64.5 195 135 195 336 194 742 
al 9800 6200 3500 6500 10000 6200 5300 5000 5300 4800 9800 3400 
a 0.03 0.024 0.0153 0.0685 0.017 0.017 0.017 0.017 0.0119 0.020 0.0058 
21780 15353 46058 42986 39596 32739 21397 32739 42372 49434 61439 
6 199 230 250 5280 950 2200 2450 266 1460 100 1590 
7 26 26 18 26 115 115 115 115 115 115 115 115 
26 26 18 26 115 57.5 115/57.5 115/57.5 40/20 115/57.5 40/20 115/58 
: 17 3.4 1.5 2.6 2.5 3.5 6.2 5.4 62 9.3 16 9.3 
17 3.4 15 2.6 2. 3.5 6.2 54 6.2 93 16 93 
77 0.72 0.87 0.63 0.72 0.575 0.49 0.49 0.49 0.43 0.61 0.71 
om 55 54 ~54 ~54 -54 54 ~54 —54 54 54 54 54 
+125 +125 +125 +125 +125 +125 +125 +150 +125 +200 +125 +125 
otennitiiiienaetantin | 
SERVOMECHANISMS, INC., MECHATROL DIVISION 1. WESTERN GEAR 
NISI-1G |.29 1181-30 102-24 10$2-30 1083-14 5$2-1 52-2 2. 80501-990001  80501-990002  80501-990003 80502-99000) 
45, 278 97/64 4.5, 27/64 —*1.45, 27/32 1.45, 27/32 4, 1.385, 0.999 .85,0.999 J 3. 3.5, 1.4 3.5, 1.4 3.5, 1.4 4.2, 1.6 
WW NW 10 10 10 5 5 4. 1" dia. 1" dia. 1” dia. 1” dia. 
400 400 400 400 400 400 400 5. 400 400 400 400 
1.07 1.07 0.46 0.46 1.07 0.18 0.18 “aie 1.0 1.0 1.2 
0.6 0.45 0.3 0.27 0.6 0.10 0.10 7. 0.62 0.4 0.62 0.41 
8. 67.4 40.4 67.4 45.9 
6200 fy 8500 6200 10000 6200 10000 10000 9. 6200 6200 6200 6000 
0.017 I> 0.03 0.0136 0.024 0.017 0.027 0.027 10. 0.0148 0.0247 0.0148 0.0261 
41500 fo 31000 49000 46000 41500 42000 42000 11. 43700 28300 43700 24000 
93 Gy 457 615 5290 193 322 190 12. 3075 3673 125 3778 
Mig 115 115 115 26 26 20 13. «115 115 26 115 
Ji90 40/20 40/20 115 26/13 26 20 115 115 26 115 
3.5/3.9 5 3.5/3.5 2.8/26 2.5/2.5 3.5/3.5 2.1/2.1 2.2/2.1 4. 43 3.6 5.4 3.5 
43 3.6 5.4 3.5 
0.55 fj 0.80 0.59 0.72 0.55 0.87 0.87 15. 0.59 069 0.67 0.69 
ry ; 55 ~55 —55 —55 —55 55 ~~ =e 55 55 55 
25 +125 +125 +125 +125 +125 1-125 +125 +125 +125 +125 
nemonemermenemeans << 
| : 
~CABOT Dl BONAL PNEUMATIC 1. CLIFTON PRECISION PRODUCTS 
2407 adla 
28, 2.4 by yt 2. ACH- AMH- ALH ACH- ALH- ALH- ALH- ACH- ACH- 
Ties 8-A-1 8-A-] 8-A-4 10-A-1 10-A-1 10-A-3 10-A-4 11-AS-3 11-AS-4 
41/16 >Ae dia. 41/16 dia. 3. 0.95, 0.83 1.37, 1 1.58, 1.17 1.4, 0.97 2:3; 1.17 2.3, 1.17 2.3, 1.17 3.3, 1.27 3.3 1.27 
60 60 4 8 8 8 10 10 10 10 HW 1 
16 36 5. 400 400 400 400 40 100 400 400 400 
ee 5.0 6. 0.38 0.81 1.0 0.38 1.0 1.0 1.0 1.0 1.0 
1350 |g 2050 — 6 0.27 0.30 0.30 0.60 0.18 0.44 0.60 0.60 
8 «15 29 30 27 62 76 52 62 62 
1600 1¢ 1600 9. 6200 6200 6200 6500 6500 1600 6500 6500 6500 
—_ i> 0.018 10. 0,022 0.028 0.032 0.014 0.016 0.013 0.019 0.016 0.016 
15000 | gp 10000 11. 28000 23500 21000 55700 50000 12700 35000 42400 42400 
wae |i 12. 356 397 703 270 5280 1066 612 3390 457 
0 8700 13. 26 2% 26 26 115 13 115 115 115 
ine 26 26 35 26 115 40 35 115 40 
200 VS 4. «419 17 1.6 2.5 2.5 2.4 2.5 3.9 3.9 
8.8 255 19 1.7 1.6 2.5 2.5 1.5 2.0 3.9 3.5 
45 Mg 15. 0.696 0.523 0.538 0.519 0.302 0.536 0.635 0.565 0.5 
05 : — 55 —55 —55 55 55 55 55 ~55 
0 0.6 +125 +125 +125 +125 +125 +125 +125 +125 +125 
0 
ve il +50 
me 
GN OCTOBER 196) 
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1. Company (See Buyer's Guide) JOHN OSTER MFG. CO. 4 
2. Model No. 5002-03 5004-01 5051-12 5051-19 5051-20 5051-21 5052-01 5060-01 5201-01 5203-03 5205-0) 
3. Weight (oz.) 1.6, — 1.2, — 1.6, 1.156 2.1, 0.975 1.6, 1.156 2.1, 0.975 1.7, 0.871 1.2, 0.5 13.5, 2.03 13.5, 203 13.3 , 4 
Approx. Length (inches) J 
4. Size 8 8 10 10 10 10 10 10 18 18 18 
5. Frequency (cps) 400 400 400 400 400 400 400 400 400 400 60 
6. Rotor Inertia (gm-cm*) 1.07 0.41 0.46 0.55 0.55 0.46 0.46 0.18 4.0 4.0 4.0 
7. Stall Torque (in-oz) 0.35 0.18 0.20 0.13 0.13 0.27 0.32 0.10 2.35 2.80 3.50 
8. Internal Damping - - — - _ = = ses is 
(dyne-cm-sec) 
9. No Load Speed (rpm) 7400 6000 10000 10000 10000 10000 7200 6000 5300 10500 3400 
10. Time Constant (sec.) 0.0335 0.0232 0.0340 0.0625 0.0625 0.0253 0.0153 0.016 0.01335 0.0222 0.005 
11. Theoretical Acceleration — . ‘a 
at Stall (rad/sec”) 
12. Control Phase Effective 470 338 315 864 196 250 250 232 9400 830 1590 
Resistance (ohms) 
13. Voltage Fixed Phase volts 26 26 28 18 18 26 26 18 115 115 115 
Voltage Control Phase volts 40 26 28 36 18 26 26 18 300/150 115/57.5 115/5) 
14. Power Fixed Phase watts3.4 2.0 25 1.5 1.65 y Bg 2.7 1.4 9.1 16.0 8.4 
Power Control Phase watts3.4 2.0 2.5 5 1.65 2.7 2.7 1.4 9.1 16.0 8.4 
15. Power Factor (Control Phase) _ - _ _ - . ti mk 
16. Operating Temp. —54 —54 —54 -54 —54 —54 —54 —54 54 —54 —54 | 
Range (°C) +125 +85 +125 +125 +85 +85 +85 +85 +85 +85 +85 t 
1. Company (See Buyer’s Guide) DIEHL MANUFACTURING 1. EASTERN AIR 4 
2. Model No. BBM 1-1 B1IM7-2 B15M13-2 FPE21L FPE25L FPE49L 2. S7HLZ3-6 $1HOZ7 S2HAX™ 
3. Weight (oz.) ee I as, i353 78, 19 12, 1.7 24, 2.7 44,4 3. 1.4, 0.84 4.0, 1.4 5.5, 1] 
Approx. length (inches) 
4. Size 8 11 15 - 4 8 1 15 
5. Frequency (cps) 400/60 400/60 400/60 400/60 400/60 400/60 $. 400 1500 60 
é. Rotor Inertia (gm-cm*) 0.5 1.1 33 12.8 25.6 133 é. 0.66 1.1 3.3 
7. Stall Torque (in-oz) 0.2 0.4 2 1.7 12.5 25 7 0.35 0.2 1.4 
8. Internal Damping (dyne-cm-sec) 21.7 25 366 337 2327 4750 8. 36 5.4 360 
9. No Load Speed (rpm) 6200 1085 3460 3400 0.011 0.028 A 6700 25000 3000 
10. Time Constant (sec) 0.023 0.044 0.009 0.038 3500 3500 10. 0.019 0.203 0.009 
11. Theo. Accel. at Stall (rad/sec?) 28500 25000 43000 9400 34500 13300 MW. 37400 12900 34200 
12. Effective Resistance 390 5400 2160 725 400 244 12. 226 220 2500 
Control Phase, (ohms) 
13. Voltage Fixed Phase (volts) 26 115 115 115 115 115 13. 26 35 115 
Voltage Control Phase (volts) 26/13 115/57.5 115/57.5 50 115 115 26 35 115 
14. Power Fixed Phase (watts) 168 3.15 6.1 10 33 54 14. 3.0 5.5 5.5 
Power Control Phase (watts) 1.68 3.35 6.1 3.5 33 54 3.0 5.5 55 
15. Power Factor (control phase) 0.81 0.74 0.76 0.70 0.76 0.71 15. 0.75 0.60 0.70 
16. Operating Temp. Range (°C) —55 —55 —55 —55 —55 —55 16. —55 50 —40 
+75 +75 +75 +75 +55 +55 +125 +75 +100 
Company (See Buyer's Guide) ROTATING COMPONENTS, INC. 1 BARBER-COLMAN 
2. Model No. 15SB-108-1A1l 18SA-100-1A1 O8SA-104-1A1 10S8-105-1A1 11SA-106-1A1 2. AYAE-278-715 DYAE-222-715 DYAE-478 
3. Weight (oz.); 3. «11,19 18, 2.2 60, 3.7 
Approx. Length (inches) 7.0, 1.55 12, 1.875 1.2, 0.9 1.7, 0.94 4.5, 1.47 
4. Size 15 18 8 10 P| 4. - 
5. Frequency (cps) 60 400 400 400 400 Ss. 60 60 60 
6. Rotor Inertia (gm-cm*) 3.3 4.0 0.47 0.47 1.07 6. 7.04 11.15 113 
y. Stall Torque (in-oz) 1.4 23 0.2 0.28 0.6 iS 0.96 1.6 6.4 
8. Internal Damping (dyne-cm-sec) 589 320 21.8 18.8 65 8. 111 874 
9. No Load Speed (rpm) 1600 4800 6200 10000 6200 >. 2680 2810 3390 
10. Time Constant (sec) 0.005 0.012 0.021 0.024 0.017 10. 0.10 0.13 
11. pe yeny Acceleration at Stall 30000 39700 30000 44000 39450 11. 9660 9466 3980 
rad/sec* 
12. Control Phase 3250 1460 640 518 3800 12. 640 400 150 
Effective Resistance (ohms) 
13. Voltage Fixed Phase volts 115 115 26 115 115 13. 115 115 115 
Voltage Control Phase volts 115/57 115/57 40 36 115/57 103 133 340 
14. Power Fixed Phase watts 4.0 9.0 2.5 2.5 26 «°° 14. 6.4 7.4 26.8 
Power Control Phase watts 4.0 9.0 2.5 23 3.6 5.2 6.0 13.3 
15. Power Factor (Control Phase) 0.78 0.43 0.77 0.72 0.575 15. - - 
16. Operating Temp. Range (°C) —55 —55 —55 —55 —55 16. —18 —18 —18 
+125 +125 +125 +125 +125 +38 +38 +38 
1. Company (See Buyer's Guide) CEDAR ENGINEERING a, NORDEN DIV., UAC 
2. Model No. $5000 $8008 $10011 $11002-4 - O008E2B 101E2J5 105E1C 108E2B7 
3. Weight (oz.); 06, 0.700 1.5, 0.860 2.0, 0.869 4.0, 1.265 3. 1.5, 1.4 45,2 8, 1.8 13.2, 2.59 
Approx. Length (inches) 
4. Size 5 8 10 VW 4. 8 1 15 18 
5. Frequency (cps) 400 400 400 400 5. 400 400 60 400 
é. Rotor Inertia (gm-cm*) 0.16 0.50 0.50 1.05 6. 0.414 1.07 33 4.0 
7. Stall Torque (in-oz) 0.10 0.20 0.28 0.60 a 0 25 0.45 1.45 2.35 
8. Internal Damping (dyne-cm-sec) 7.3 21.7 18.5 65.9 8. 25.6 48.5 303 330 
9. No Load Speed (rpm) 9500 6200 10000 6200 9. 6500 6200 3200 4800 
10. Time Constant (sec) 0.022 0.023 0.027 0.016 10. 0.016 0.022 0.010 0.012 
11. ne ne Acceleration at Stall 44000 28200 39500 40300 11. 42700 41500 31000 39700 
(rad/sec* 
12. Control Phase 415 6620 901 3780 12. 393 2645 2167 8460 
Effective Resistance (ohms) 
13. Voltage Fixed Phase volts 26 115 26 115 13. 26 115 115 115 
Voltage Control Phase volts 26 115 52 115 26 115 115 282 
14. Power Fixed Phase watts 1.63 2.0 3.0 3.5 14. 1.72 5.0 6.1 9.2 
Power Control Phase watts 1.63 2.0 3.0 3.5 122 5.0 6.1 9.4 
15. Power Factor (Control Phase) 0.872 0.726 0.721 0.575 15. - - - . ‘ 
i ‘ ¥ _ _ —55 - 16. —55 —55 —55 —55 i 
- ee Se Se SS 12s +125 +125 +125 +204 +204 +204 +204 
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s208.0 AMERICAN ELECTRONICS 
3 135 8MI10D-11A 10MO9L-O1A SMI11D2T SMIIAIT SM12N97 SM13D9T SM14D2T 11MS50H-11J 15M22C-01A = SMI8E 18SM6A-1 
_ 1.8, 1.2 2.3, 1.1 4.5, 1.4 4.5, 1.4 4.2, 1.5 4.5, 1.4 4.5, 1.4 4.5, 1.4 2.3, 1.6 14, 2.562 17, 2.4 
S s 10 1 7 12 13 13 " 15 18 18 
‘43 400 400 400 400 400 400 400 400 400 400 60 
3.50 0.25 0.7 1.07 1.07 1.07 1.07 1.07 1.07 3.0 3.3 5.2 
rT 0.29 0.27 0.65 0.63 0.9 0.63 0.63 0.15 1.50 2.7 2.5 
pee 6000 10000 6000 6200 6000 6200 6000 6000 5000 10800 3000 
hie 5 0.0077 0.037 0.015 = - : 0.063 0.0148 = ee 
82000 27200 41500 41500 59000 41500 41500 9900 35300 62000 34000 
a 290 640 3680 3680 78 3680 3680 726 2200 23 1322 
+ 5 26 115 115 115 115 115 115 26 115 115 115 
oa 30 40 115 115 20 115 115 33 115 24 115 
84 3.1 2.5 3.6 3.6 5.1 3.6 36 1.5 6 23.2 10 
. 3.1 2.5 3.6 3.6 5.1 3.6 36 1.5 . 25.2 10 
- 0.52 0.72 0.58 0.58 0.58 0.58 0.58 0.575 0.50 0.672 0.81 
—55 —54 —55 ~—55 55 -55 —55 —54 —55 —55 0 
baie +125 +125 +150 +150 +125 +160 +105 +125 +125 +90 +250 
SoHAXTE MUIRHEAD INSTRUMENTS 1. GIANNINI CONTROLS 
5.5, 1. =«08M10C1 1OMIOAI1 =11M1OA3 1IMIOAI1 = 1SMIOA2_~—s ISMIOA4 ~—s«1BMIOA2 18M10B4 2. DCM DCM DCM 
1.2, 0.84 1.5, 0.92 4.5, 1.6 4.5, 1.6 8, 1.6 8, 1.6 13.2, 2.02 13.2, 2.02 8-1-1 8-1-2 20-1-1 
- 3. 1.2, 1.5 1.2, 1.5 9, 1.26 
pe 10 WW 1 15 15 18 18 4 8 a 20 
as 400 400 400 60 400 60 400 60 & Be DC DC 
a 0.13 0.46 1 1.1 3.1 3.1 4 4 & 26 2.5 65 
940 0.2 0.3 0.63 0.63 1.45 1.5 2.35 3.5 7. 0.938 0.938 8.94 
3000 21.7 32 68.7 68.7 193 310 333 800 8. 18.1 17.6 2048 
0.009 6200 6500 6200 3300 4800 3300 4800 3300 9. 22000 22000 2300 
34200 0.006 0.015 0.016 0.016 0.016 001 0.012 0.005 10. 0.086 0.086 0.0246 
osoo 110000 46000 41000 41000 32000 34000 42000 61000 11. 26700 26700 9800 
240 418 457 225 65 2450 44 1322 12. 8 31.1 20 
he 6 115 115 115 115 115 115 115 13. 
5.5 26/13 36/18 40/20 26/13 20/10 115/57.5 20/10 115/57.5 
55 2.8 3.1 3.5 3.0 6.1 5.4 9 10 14. 
0.70 2.8 3.1 3.5 3.0 6.1 5.4 9 10 
; 0.59 0.66 0.5 0.82 0.47 0.94 0.48 0.87 15. . 
ry 16 55 55 -55 
+1 +95 +95 +7) 
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wsesy | | DIFFERENTIAL PRESSURE TRANSDUCER ! | 2 re eomereengcae 
139, 25h { i Stainless Steel Ball and Race { temperature (800-1200 degrees F.). 

oe § Ranges: As low as +0.1 psid full Output Impedance: 2,000 ohms. . 3 : ; 

Ext . ' Chrome Alloy Stee! Bal! For types operating under high radial 

18 | scale, to + 2,500 psid. Accepts corrosive fluids—both g and Race ultimate loads (3000-893,000 Ibs.). 
400 I Line Pressure: 5,000 psi max. sides. a Bronze Race and Chrome { For types operating under normal loads 
4.0 t e : £ Stee! Ball with minimum friction requirements. 
2.35 ' Accuracy: 42% full scale. 250 F max. ambient temperature 8 ““Dyflon'*® Plastic Alley der tones taedeieh ates etatued 
330 ' Excitation: 95-125V, 60—400 cps units available. 5 Inserts. ya — ont Race. oon me on and long wae life 
4800 i or 25-30 V DC. Withstands extreme mechanical 8 @ Chrome Alloy Steels. where lubrica - is mans : e. . 
panel i shock and vibration. M $ Thousands in use. Backed by years of service life. Wide variety 

i Complete line available. Transducers combine, in a single package, a ; of Plain Types in bore Sizes 3/16 to 6 : Dia. Our eagenects 
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variable reluctance pressure transducer and a transistorized carrier a : : 
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ute ! reer: Wri detailed i . . 4 demanding conditions. Southwest can design special types to 
262 rite for det information. @ fit individual specifications. Write for Engineering Manual No. 
a4 551. Address Dept. EMD61 
~ @ SOUTHWEST PRODUCTS CO. 

1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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Counting controls for industry, defense and space exploration #& 


On data processing equipment, A perfect cup of tea every time... Precision control of milling machines, 
and on a wide range of modern office thanks to Veeder-Root electrical lathes and drill presses is assured 
machines Veeder-Root counters counters that help fill teabags with the Veeder-Root electronic 
provide businessmen with that faster and with greater accuracy counter that’s designed for high 

extra measure of control. than ever before. speed bi-directional operation. 


Visualize, systemize, modernize...with Veeder-Root counters! For an auto- 
matic way to watch output, activate machinery and integrate operations, 
consider Veeder-Root counters. Design them into new machines or install 
them on existing equipment. Either way these versatile counters provide 
better control at a surprisingly low cost. For details, write Veeder-Root Inc., 
70 Sargeant St., Hartford 2, Connecticut. count on...VEEDER-ROOT 
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INTEGRATORS 


Integrators have been devised in 
many forms and for a wide range of 
applications in both industrial and 
military equipment. They range in 
function from totalizing of material 
passing over a conveyor belt to ex- 
tremely precise integration of acceler- 
ation signals to establish position in- 
formation in inertial guidance sys- 
tems. This Digest discusses the basic 
notion of integration, breaking the 
process down into its functional com- 
ponents, and describes the operation, 
performance and applications of a 
variety of important integrator types. 
Coverage of integrator types and 
manufacturers is not meant to be in- 
clusive, but is based on extent of in- 
formation received in response to an 
industry-wide questionnaire. 

The process of integration may be 
regarded as the summing or accumu- 
lating of a physical quantity with re- 
spect to an independent variable. The 
rate of summing or accumulating is 
proportional to the value of the func- 
tion being integrated. Let us illustrate 
this by an elementary example. As- 
sume we have a function, y=f(x), to 
be integrated with respect to x. 

The quantity we are accumulating 
can be expressed as the area under 
the curve plotting {y= f(x)} versus 
x over a specified range of x, while 
the rate of accumulating is propor- 
tional to the value of the function, 
y==f(x), being integrated. 

In practice, we may use as a basis 
for integration any convenient quan- 
tity that can be accumulated, where 
the rate of accumulation can be held 
proportional to the function to be 
integrated. The magnitude of the ac- 
cumulated quantity will then be the 
integral of the function to be inte- 
grated. Figure 1 represents this 
process. 


Time Based Integrators 
Solving for the integral of a vari- 
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Fig 1 General form of an integrator. The variable to be integrated must 
be modified so as to provide an accurate control of the “flow rate” of the 
physical quantity being accumulated within the integrator. 
Accuracy of integration depends upon 
the proportionality between “flow rate” and the variable being integrated, 
and the accuracy of the output indicator. 


An output 





able with respect to time is the most 
common form of integration instru- 
mented in engineering systems. Fur- 
thermore, other forms of integration 
are usually accomplished by modify- 
ing or combining time based _inte- 
grators. The major portion of this 
Digest therefore covers the classifica- 
tion and description of time based 
integrators, and lists some of the 
major factors to be considered in their 
selection. 

Instrumentation for other forms of 
integration and additional mathemati- 
cal functions that can be accom- 
plished by use of time based _inte- 
grators will be discussed at the end of 
the Digest. 

Since all time based integrators 
perform the same operation, they 
have the same formal characteristics. 
In each case, the integrand is given or 
mechanized in terms of the time rate 
of change of some quantity and the 
integral is obtained by sensing or 
measuring the cumulative magnitude 





INTEGRATOR SELECTION FACTORS 
ACCURACY: 


®@ Linearity between the controlled 


rate of change of the accumulated 


quantity and the input signal. 


® Accuracy of the output device that 
senses the accumulated quantity. 


@ Zero drift — accumulation of output 
in the absence of input signal. 


® Constancy of scale factor over all 


operating conditions. 


COMPATIBILITY: 


@ Form of input and output signals. 
(This 


where economy is a major considera- 


factor is especially important 


tion.) 


@ Maximum permissible values of the 
input (the variable to be integrated) 
and of the output (the integral). 
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Superiority of design, man- 
ufacture and performance 
are never an accident. 
Quality must be planned! 


When you next specify 
Coaxial Connectors, 
specify... 


Automatic 


METAL PRODUCTS CORPORATION 
323 Berry St., B’klyn 11, N.Y. © EVergreen 8-6057 
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Fig 2 Circuit diagram of a de motor integrator by GPE Controls, Inc. 


| of this quantity over the time period 
| of interest. 


For example, in many integrators, 
angular velocity of a shaft is used to 
represent the integrand, (that is, the 
integrator drives a shaft at a rate con- 
tinuously proportional to the function 
or quantity to be integrated,) and an 
angle pick-off on the integrator shaft 
provides the desired integral by sens- 
ing the cumulative magnitude of shaft 
angle. 

We will classify the integrators 
covered in this Digest according to 
the quantities used to represent the 
integrand, such as shaft velocity, volt- 
age rate, or voltage frequency, and 
will describe the devices within these 
classifications according to the tech- 
niques used to make these quantities 
proportional to the integrand and ac- 
cording to the method used to sense 
the magnitude of the accumulated 
integral. 


Shaft-Speed Integrators 


A shaft speed integrator will desig- 
nate any device in which shaft speed 
is controlled to be proportional to the 
integrand and the accumulated shaft 
angle represents or indicates the inte- 
gral. 


VOLTAGE INPUT 


Where the input representing the 


integrand is in the form of an applied 
de voltage, the simplest method of 
instrumenting a shaft-speed integrator 
is an open-loop system in which the 
input drives a de motor with perma- 
nent magnet field at no-load speed, 
and a counter measures the accumu- 
lated shaft revolutions. Accurate 
open-loop performance is _ possible 
with this device because such a motor 
operating at essentially no-load speed 
tends to maintain its speed propor- 
tional to the applied voltage. 

A typical integrator of this type is 
produced by GPE Controls for use in 
the process control field. To maintain 
144% accuracy over a ten-to-one sig- 
nal level, a high torque, low friction 
motor employing jeweled bearings 
and a precious metal commutator is 
used to drive a counter through a 
precision gear train. A schematic of 
this device is shown in Fig. 1. Some 
advantages of this system are its basic 
simplicity, ease of servicing, small 
size, reasonably good accuracy, and 
its ability to integrate a de voltage 
directly. Some disadvantages are lim- 
itation to de voltage inputs, sensitivity 
to large temperature changes unless 
temperature compensated, and_in- 
ability to operate accurately at very 
low signal levels. Another disadvan- 
tage is that the dc motor speed is 
proportional to the absolute value of 
the applied voltage; the control signal 
must therefore be independent of line 








Fig 3 General block diagram of a simple velocity servo integrator. 
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voltage fluctuations. 

Several methods are available for 
varying the scale factor of this type of 
integrator. One method, usually used 
for fine adjustment is by varying the 
setting of a voltage dividing poten- 
tiometer to reduce the signal to the 
motor. This method has the disad- 
vantages of reducing sensitivity and 
accuracy. Sensitivity is reduced by 
applying only a portion of the con- 
trol signal to the motor, thereby de- 
creasing its torque output. Accuracy 
is reduced because the voltage divider 
tends to load the signal and to reduce 
the ratio of motor torque to friction 
causing poorer regulation. A second 
method of adjusting the scale factor 
of this type of integrator is to change 
the gear ratio between the motor and 
the counter. If we assume that the 
gear friction remains constant, chang- 
ing gear ratios normally does not de- 
grade the accuracy or sensitivity of 
the integrator. A third method of 
changing the sensitivity, of course, 
is by changing the motor to one hav- 
ing a different speed-voltage char- 
acteristic. 





Fig 4 Simple velocity servo integrator 
by Kearfott, containing an ac drag cup 
tachometer, an ac amplifier, and a servo 
motor. 


A more accurate type of shaft- 
speed integrator that can be designed 
to operate on either ac or de voltage 
inputs uses a closed loop system to 
maintain proportionality between mo- 
tor shaft speed and the input. The 
most common form of this type is a 
simple velocity servo which uses a 
tachometer to measure the output 
velocity of the motor shaft for com- 
parison with the input signal. An 
error signal derived from this com- 
parison is applied through a servo 
amplifier to drive the motor so as to 
null the error. Figure 3 is a block 
diagram of such a unit, and Fig 4 
shows an ac model manufactured by 
Kearfott Co. 

The scale factor of a velocity servo 
integrator may be changed by chang- 
ing the gear ratio between the motor 
and the output shaft, modifying the 
control or tachometer feedback signal 


CCTOBER 1961 



































Fig 5 Block diagram of Kearfott’s In- 
finite Gain Integrating Servo. Input 
signal E, is fed through a preamplifier 
to drive a mechanical filter. The 
filter output is amplified by the post- 
amplifier. Output from the _post- 
amplifier drives the motor generator 
at a speed level adjusted so that the 
tachometer output equals the com- 
mand signal E,. The transfer func- 
tion for the amplifier is expressed 
approximately as: 


KG(s) = K,K,K(1+T,/S) 


where K, = steady state gain of me- 
chanical filter and T = K,/K,, which 
should usually be about the same as 
the time constant for the motor gen- 
erator plus load. Kearfott says this 
system offers many advantages over 
the simple velocity servo used as an 
integrator. Coulomb friction and 
viscous friction, together with the 
inability of the motor to follow 
rapidly changing inputs due to the 
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inertia at its shaft, contribute a sub- 
stantial error voltage. This error can 
only be effectively decreased by rais- 
ing the amplifier gain. But noise- 
sensitivity in high-gain amplifiers and 
phase shift of the tachometer output 
with changes of speed limit allowa- 
ble amplifier gain. Kearfott minimizes 
these limitations in the system by the 
use of a mechanical filter thus per- 
mitting use of a high gain amplifier. 
The filter is a very-low-inertia motor 
with a torque proportional to the in- 
put voltage. The shaft drives into 
a_ low-noise-induction potentiometer 
through a very heavy viscous re- 
straint. This high degree of restraint 
reduces coulomb and inertial effects 
at the filter shaft to a minimum. Thus 
the filter performs substantially as 
an integrator. Starting voltage of the 
filter is 0.250 volts. If the preampli- 
fier has a voltage gain of 350, the 
error signal, or system sensitivity, will 
be 0.250/350 or 0.00072 volts. 








by means of a voltage divider, or 
changing the tachometer to one with 
different speed-voltage characteristic. 
Accuracy of a quality integrator of 
this type is typically of the order of 
0.2% at ambient conditions and de- 
pends primarily on the accuracy of 
the tachometer. In ac units, the com- 
mand signal is an ac voltage and the 
feedback element is an ac drag-cup 
tachometer. The feedback signal is 
usually proportional to the product 
of speed and line voltage, and the 
control signal is usually proportional 
to line voltage also, so that the sys- 
tem operates with negligible depend- 
ence on variations in line voltage. In 
de units the command signal is a de 
voltage, the feedback element is a dc 
tachometer, and the error signal is 
modulated to provide an ac driving 
voltage to a conventional ac servo 
motor. Since most dc _ tachometers 
employ permanent magnet fields and 
are independent of line voltage the 


de integrator provides the integral of 
the absolute value of the control 
signal. The control signal therefore 
must be made independent of line 
voltage variations. 

Relative advantages of ac and dc 
velocity servo integrators as listed by 
Kearfott Co. are 
For a-c units: 
® No brush problems such as arcing 
or noise (however, brush noise in dc 
units can usually be filtered out) 
® No problems with ripple circuitry 
© Lower starting torque required 
For d-c units: 
© Elimination of phase shift in tach- 
ometer output 
* No residual voltage at zero speed 
¢ Availability of high gradients in 
smaller size tachometers 
¢ Easier temperature compensation 
® Generally better linearity 

A more accurate velocity servo inte- 
grator manufactured by Kearfott for 
ac or de operation provides an addi- 
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Haydon hermetically 
sealed switches qualified 
to MIL-E-5272 and 
MIL-S-6743. 












Series 61392 


STANDARD HERMETICALLY 
SEALED SWITCH... 


Low operating force version 
is ideally suited to critical 
applications requiring extreme © 
accuracy such as timing, pres- ©& 
sure and temperature sensing 
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Switches and Custom Designed Switch As- 
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METAL TO METAL, 
GLASS TO METAL SEAL... 


Low temperature—high tem- 
perature from —300°F. to 
+500° F. and beyond. Wobble 
diaphragm withstands 200 PSI 
without changing characteris- 
tics or actuating switch. 
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MINIATURE SPDT 
LANDING GEAR SWITCH... 


Exposed to ice, water and 
mud. Corrosion resistant 
throughout, potted leads, 
sealed plunger. Meets icing 
operation requirements, 
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S BONDED SILASTIC 
ACTUATOR SEAL... 


Subjected to 8 weeks 
and million cycle test 
immersed in JP-4 fuel. 
Tested for 100,000 cy- 
cles at 28 vDC, 3 amps 
inductive at 80,000 feet. 
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Fig 6 Schematic diagram of a ball disc 
integrator. In normal operation, disc 
rotation constitutes one input to the in- 
tegrator. The two steel balls that sepa- 
rate the disc from the output roller are 
positioned to attain a second input. By 
spring loading the disc against the balls, 
disc rotation is transmitted by the balls 
to the roller. Rotational rate of the roller 
is then proportional to the speed of the 
disc and the radius at which the balls 
contact the disc. For a given disc speed, 
zero rotational rate of the roller occurs 
when the balls are over the center of 
the disc and maximum rotation rate 
occurs when the balls are at the maxi- 
mum radius of the disc. Rotation is in 
opposite directions on each side. The 
diagram represents the solution of the 
equation Z = 1/rfy dx. Ball-carriage po- 
sition is the function y= f(x). Dise 
angular velocity represents the quantity 
x; and I/r represents the integrator con- 
stant where r is the output roller’s radius 
in inches. If the quantity y is being 
integrated with respect to some quantity 
x that varies with time, then disc speed, 
as well as carriage position, will be 
varied as an input. But where y is being 
integrated with respect to time, the disc 
is driven at constant speed. 


tional integration in the forward loop 
in the form of an electromechanical 
filter that effectively averages out 
noise in the error signal. This noise 
reduction allows use of a high gain 
amplifier that substantially reduces 
error voltage and improves accuracy. 
Figure 5 is a block diagram and a 
more detailed description of the per- 
formance of this unit, which Kearfott 
calls an Infinite Gain Integrating 
servo. 


In specifying a velocity servo inte- 

grator for a given application Kearfott 
suggests inclusion of the following 
information: 
* Size limitations, including space 
available for amplifiers and motor 
generators, and any special mounting 
requirements. 


ELECTROMECHANICAL DESIGN 


Bets». Ameanian re 


ww Nave 


mre: 


pee 











i inet Ra nso 


cio nest Aang tina 


camel ah Na Saal 








SPRIN 
4 


Rac 
WP 
GE 








~ ydx 


ll dise 
, dise 
the in- 
t sepa- 
ler are 
it. By 
> balls, 
e balls 
- roller 
of the 
> balls 
speed, 
occurs 
ter of 
1 rate 
maxi- 
1 is in 

The 
of the 
ge po- 
Disc 
iantity 
r con- 
radius 
being 
antity 
speed, 
ill be 
being 
e disc 


loop 
nical 
out 
noise 
gain 
luces 
racy. 
nd a 
per- 
arfott 
ating 


inte- 
irfott 
wing 


pace 
10tor 
iting 


DISC DRIVE SHAFT 





TENSION SPRING 





THESE SHAFTS 
HAVE ECCENTRIC 
ADJUSTMENT 







DISC 


NEW MICRO-BEARING 
BALL CARRIAGE 









































BALLS 


BALL- CARRIAGE SHAFT 




















CYLINDER SHAFT 





OUTPUT CYLINDER 


‘ Fig 7 Librascope’s high-torque ball and disc inte- ble with nonadjustable types, which rely on machin- 
' grator features an adjustable microbearing ball ing to maintain tolerances. Operation of the inte- 
; carriage whose rolling action minimizes sliding fric- grator may be slowed or stopped in mid-solution 
tion, inherent in conventional sleeve-type carriages, without affecting accuracy. Performance character- 
: and greatly increases the integrator’s torque delivery istics include: accuracy 0.05% of full scale, repro- 


ducibility 0.01% of full scale, maximum _ recom- 
mended load 3.0 in-oz, life expectancy 10,000 hrs. 


and useful service life. A technique is provided for 
constraining the balls more accurately than is possi- 
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Fig 8b Error Curves. Full Scale Error equals: 
Theoretical rpm at a given carriage position minus 
actual rpm at that carriage position, with the differ- 
ence divided by theoretical rpm at maximum dis- 
placement of the carriage. 
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Fig 8 Schematic diagram of a Ford Instrument Com- 
pany ball disc integrator with roller assembly raised 
to show internal structure is shown in Fig 8a. Ac- 
curacy is emphasized in Ford Instrument designs. 
Standard units have a patented ball-roller-tilt device 
that minimizes ball slip for all carriage positions. A 
spring loaded roller permits rigid disc alignment. 
Use of similar materials permits tight fits without 
adverse effects in extreme temperatures. Vibration 
problems are eliminated since the roller is movable 
along the center of gravity and therefore is dynami- 


cally balanced. Identifying their models by maximum 
ball carriage travel, Ford Instrument describes three 
standard models: a 5 inch unit weighing 10.1 Ibs, a 
214” unit weighing 6.0 lbs and a 14” unit weighing 
14 ozs. Major performance characteristics of the 
14” unit for maximum recommended roller output 
torque of 0.25 oz-inch are: accuracy in percent of 
full scale 0.1%, repeatability in percent of full scale 
0.02% , input torque required 0.2 oz-inch. Figure 8b 
describes the performance of the larger units. 
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Fig 9 Diagram showing operation of Disc Instru- center of the rotating disc have been exactly aligned. 
ment’s integrator-recorder. The ball is positioned on This speed is transmitted to the roller which, by 
the disc at a distance from the center in the same means of a “spiral in” and “spiral out” cam, actuates 
relationship as the position of the recorder pen to the integrator pen at a speed directly proportional 
the base line. If the disc is rotated at a constant to the position of the recorder pen. Since the entire 
speed (time) then the ball will rotate at a speed load of the integrator is the back and fourth motion 
proportional to the position of the recorder pen of the pen the difference in loading imposed by the 
from zero — provided the recorder zero and the pen lies within the maximum inaccuracy of 0.1% 
full scale. 
® Environmental conditions — special 


attention to ambient temperatures and 
availability of heat sinks and cooling 
air. 

® External load — static, viscous, in- 
ertial. 

® Power supply — voltage and fre- 


quency regulation, harmonic distor- 
tion. 


® Input signal—source impedance, 
distortion. 


® Output requirements — scale factor, 
gearing, speed range. 


® Static accuracy — accuracy during 
steady state conditions. 


® Dynamic accuracy — accuracy dur- 
ing transients. 


MECHANICAL INPUT 


Many shaft-speed integrators are 
provided with a mechanical input. 
The general form of most of these 
units, when used to integrate a quan- 
tity with respect to time, is a con- 
stant speed motor driving a variable 
speed transmission controlled so that 
the speed of the output shaft is pro- 
portional to the displacement of a 
mechanical input. A most simple and 
accurate device of this type is the 
ball disc integrator illustrated and 
described in Fig 6. 

As the name implies, the integrator 
consists of a spring loaded disc, two 
constrained steel balls, and an output 
roller. The diagram illustrates that 
when the disc is driven at a constant 
speed, the device is a linear variable 
speed transmission in which the speed 
of the output roller shaft is propor- 
tional to the radial position of the 
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Fig 10 Pneumatic integrator by the Foxboro Co. A 3-15 psi signal, propor- 
tional to 0-100 percent of differential pressure from a flow transmitter, is 
applied to the integrator receiver bellows(A). The force exerted by the 
bellows positions a force bar (B), which acts as a flapper, in relation to a 
nozzle (C). With increase in differential pressure the flapper approaches 
the nozzle. The resulting increase in nozzle back pressure regulates — 
through air relay (D) — the jet which drives turbine rotor (E). Weight 
(F) is mounted on the flexure-pivoted bell crank (G). As the rotor 
revolves, the centrifugal force of the weight (F) is applied to force bar 
(B), through thrust pin (H), to balance the force exerted by the bellows 
(A). Therefore a condition of force balance is continuously maintained. 
The centrifugal force is proportional to the square of the rotor speed. This 
force balances the signal pressure which is proportional to the square of 
the flow rate. Therefore, rotor speed is directly proportional to flow rate. 
And, since the counter (J) is connected to the turbine rotor through gear 
train (K), total integrator count is directly proportional to the tot] amount 
of liquid that has passed the measuring point. In normal operation, the 
nozzle is partially covered and the resulting back pressure expands brake 
bellows (W) to hold the brake pad (N) off the rotor. If the transmitter 
signal decreases suddenly — anywhere within the signal range — the 
brake bellows contracts, and spring lever (L) forces the brake pad against 
the rotor. This action momentarily slows down the rotor until a balance 
of forces is restored at the new signal pressure. And, if the transmitter 
signal drops to minimum, 3 psi, the bellows contracts, completely stopping 
the rotor. The brake brings the rotor, hence the counter, from full speed 
to stop in less than one second. 


balls with respect to the center of the This angle is often indicated in terms 
disc. If this position of balls is used of shaft revolutions by means of a 
to represent the input (the inte- counter. 

grand) then the accumulated angle of To design a precision integrator 
roller shaft will express the integral. using this design concept requires 
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careful selection and processing of 
-omponent parts. The disc must be 
xtremely hard and lapped to a mirror 
nish to resist wear. Librascope Div. 
f£ General Precision Inc. points out 
that the method used to constrain the 
steel balls has a significant effect on 
output torque delivery and life of the 
unit. Figures 7 and 8 show and de- 
scribe some of the special characteris- 
tics of standard ball and disc inte- 
grators manufactured by Librascope 
and by Ford Instrument Co. 

In specifying a ball disc integrator 

for a given application Librascope 
recommends the following informa- 
tion be supplied: 
® Environment 
¢ Input functions 
¢ Input and output load and speeds 
® Use (variable speed device, com- 
puting element) 
© Life required 
¢ Accuracy and reproducibility re- 
quired. 
They warn that ball and disc inte- 
grators are limited in maximum disc 
input speeds to about 500 RPM and 
output speeds of approximately 1200 
RPM, if satisfactory life is expected 
from the unit. 

Ball-disc integrators are most use- 
ful when mechanical inputs are avail- 
able and mechanical output is desira- 
ble. General advantages of mechani- 
cal integrators are ruggedness, relative 
low cost, ease of design into a system, 
reliability, and minimum  mainte- 
nance. Another distinct advantage of 
ball-disc integrators is that the me- 
chanical integrator may be stopped in 
mid-solution without affecting accu- 
racy. 

The principal disadvantage of a 
ball-disc integrator is that torque out- 
put, which depends on roller friction, 
is limited to a few oz-inches where 
high precision is required. 

In process control instrumentation 
integrators are often combined with 
chart recorders to provide a record of 
the integral of a quantity in relation 
to the quantity. Figure 9 shows and 
describes such equipment manufac- 
tured by Disc Instruments Inc. They 
use a ball-disc integrator in which the 
ball position input is actuated by a 
linkage from the recorder pen assem- 
bly and the roller output is digitized 
and recorded on the chart by a cam- 
and-pen-linkage assembly. 


PRESSURE INPUT 


In flow measurement equipment 
where differential pressure between 
the throat of a venturi and the fluid 
line pressure is used to sense flow rate, 
integrators are required to provide 
indication of total flow. But since 
flow rate is proportional to the square 
root of differential pressure, the inte- 
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SOLENOIDS 


THE MOST COMPREHENSIVE LINE OF 
GENERAL PURPOSE SOLENOIDS AVAILABLE 
TO INDUSTRY 


8 % INCH TO 2% INCHES IN DIAMETER @# STROKES 
FROM .01 TO 1% INCHES # FORCES FROM 5 GRAMS 
TO 70 POUNDS # VOLTAGES OF 12, 24, 36, AND 
115 VDC # 60,000 SOLENOIDS WITHIN THE SERIES 


another industry first... 
a new catalog concept from cannon 





2 


WATTS 


POWER INPUT IN 


FORCE IN POUNDS 


CYCLE 





LOAD DUTY CYCLE % 2 

STEP 2 2 

LOAD DUTY CYCLE 3 
Coil Rating vs 


Load Duty Cycle, ° MAXIMUM TIME ON IN SECONDS 


STEP 3 TIME CYCLE 
Load Duty, % vs On Time—Off Time 


STROKE IN INCHES 
STEP 1 
FORCE STROKE 
Curves at Rated Loads 


Here is acatalog that helps you with your solenoid problems. # Removes the guesswork 
of selecting the proper solenoid size to meet your specifications—as simple as steps 
1, 2, 3. a Supplies more technical performance data than 
ever before available to industry—mechanical, electrical, 
and thermal curves. # Provides for the first time a method 
for selecting the exact voltage, power, motion, mounting, 
termination and plunger—for any size, direct from the 
catalog. For your copy of the S1 Series Solenoid Catalog, 
write to: 








CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, Calif. 
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NEW TUMBLE RATE 
TEST STAND 
BY KEARFOTT 


The Kearfott CO5 6452 008 Tumble Rate Test Stand, is a 
highly precise unit used to test gyros and other devices requir- 
ing precise orientation or rotation. This unit features: rotary 
table locking arrangement to permit selection of 0°, 90°, 180°, 
and 270° static angular positions; ultra-precise tapered roller 
bearings to provide rugged, low-friction, accurate turntable 
mounting; 30 heavy-duty, low-noise slip rings to provide for 
signal and power transfer requirements; two-motor drive sys- 
tem to assure system stability and freedom from backlash, 
high gear reduction and large diameter bull gear mounted di- 
rectly on table stand to enable high torque-to-voltage gradient, 
and leveling jacks, with hold-down bolts and azimuth adjust- 
ing locking device, to insure fine level and polar alignments. 


Rotation Rates: 150° and 300° per hour 
Table Rate Stability: 0.2% 


TYPICAL Table Axis Wobble: 10 are sec. (max.) 


Tilting Range: +90° 


DATA Table Surface: flat to 0.0001 (or 


better as required) 


Power Requirements: 115 VAC, 60 cps 1 phase at 
15 watts; 28 VDC, 0.52 amp. 


Dimensions: 2’ long x 2’ high x 2’ in 
diameter 


Write for complete data 
KEARFOTT DIVISION 
D GENERAL PRECISION, INC. 





Little Falls, New Jersey 
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grator must provide a measurable 
quantity that accumulates at a rate 
proportional to the square root of the 
input. Although such devices are 
called pneumatic integrators, they are 
really computing mechanisms that 
perform a square root operation as 
well as integration. 

Figure 10 describes a typical pneu- 
matic integrator, manufactured by the 
Foxboro Co., that uses a shaft rate 











Fig 11 Dashpot integrator designed by 
Giannini Controls Corporation for use 
in an integrating accelerometer to in- 
dicate attainment of a prescribed velo- 
city. Basically the integrator consists of 
a matched piston and cylinder. The 
cylinder is plugged at both ends and has 
an adjustable orifice in one end. The 
plugs are also provided with two switch 
contacts — one for normally closed ( pis- 
ton null position) and the other for nor- 
mally open (piston maximum position). 
The system is filled with inert gas. 
When the piston (mass) senses an ac- 
celeration along the sensitive axis, the 
force, which is proportional to the prod- 
uct of mass and acceleration pushes the 
gas through the adjustable orifice. In- 
tegration is attained when the piston 
(mass) has been fully displaced from 
its null to the maximum position, closing 
the switch contact. 


proportional to the square root of a 
differential pressure input to repre- 
sent flow rate (the integrand). A 
counter on the shaft indicates total 
flow. 


TORQUE INPUT 


Single-degree-of-freedom __ integrat- 
ing gyros use an exceedingly simple, 
yet highly accurate method of inte- 
grating. Input to the integrator por- 
tion of the gyro is in the form of a 
precesional torque on the gyro gimbal. 
Since damping torque of a rotary vis- 
cous shear damper is proportional to 
the angular velocity of the rotor, use 
of the damping torque of a fluid be- 
tween the gimbal and the gyro case 
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Fig 12 Schematic diagram showing op- 
eration of a Foxboro pulse width inte- 
grator. The cam switch assembly in- 
cludes a cam rotated continuously, one | 
revolution in 12 seconds, by a syn- 
chronous motor drive, and a cam follower 
B continuously positioned in proportion 
to the measured flow, through ball link 
C. Cam switch D operates the counter 


drive-motor. During the portion of each | 
12 second rotation when the follower is 


off the cam, the switch D is closed, the 
counter motor operates and the counter 
registers. When the cam follower again 
touches the cam, the counter switch is 
open and remains open until the follower 
again leaves the cam. There is no over- 
spin nor start-up lag in the self-braking 
motor. During the period of 100 percent 
flow, the cam breaks the contact for 
1/21 of the 12 second cycle (0.57 sec- 
onds) which allows for calibration of the 
counter and correct setting for maximum 
flow. The counter gear train corrects for 
the accumulative effect of the short in- 
terval of discontinuity. At flows below 
10 percent of scale, the contact is con- 
tinuously open and there is no count. 
The integrator may have a cam for a 
square root or for a uniform flow scale. 
The cam shown is for square root flow 
scale. 


as the reaction torque to balance the 
steady-state input torque results in 
an angular velocity of the gimbal pro- 
portional to the balanced torque. 
Gimbal rate is integrated by means of 
a Microsyn signal generator that 
senses angular deviation of the gimbal 
output shaft. (Since the precesional 
torque generated by the gyroscopic 
element is proportional to the input 
angular velocity of the gyro, the 
Microsyn signal, being proportional to 
the integral of the precesional torque, 
is proportional to gyro angle input.) 


FORCE INPUT 


Where the input is in the form of a 
force rather than a torque, a fluid 
dash-pot, operating in the laminar 


flow range, can be used to maintain | 


proportionality between rate of travel 
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MINIATURE, 

HIGH PERFORMANCE 
MAGNETIC BRAKES 
AND CLUTCHES 


Typical applications involving these Size 11 magnetic 
clutches, brake clutches, and brakes include service as 
output controls in mechanical differential computers, as 
motor brakes, and as speed changers and uncouplers. 
Kearfott can also provide magnetic clutches, brake 


clutches and brakes in various other sizes to suit desired 
applications. Components also available in sizes 8 and 6 
diameters. 


CHARACTERISTICS 
Magnetic 


Magnetic Clutches Brake Clutch Magnetic Brake 


Unit No. R5750-001 R5750-002 R5760-001 R5770-001 
Size 11 ll 11 ll 
Power input 

(Watts) 3 3 3 3 


Clutch Torque 


(In. Oz.) 6 (energized) 4 (energized) 


Brake Torque 
(In. Oz.) me sa 


.82 (energized) 
.56 (de-energized) 


6 (de-energized) 16 (energized) 


Inertia (gm cm?) .82 (energized) 
56 (de-energized) .34 
Engaging 
Surfaces Steel Brake Steel and Steel 
Material Brake Material 
Environmental 


Performance Per MIL-E-5272A 


Life (Cycles)* 3,000,000 
*1 Cycle=1 revolution of shaft engaged and 1 revolution of 
shaft disengaged, at 500 RPM. 


Write for complete data 
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Little Falls, New Jersey 
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One Step Purchasing One Step Installation 
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PACKAGED 


PRECISION DRIVES 


* TIC Drives save time, trouble and money — elim- 
inate the need of procuring and assembling separate 
indicators, dials, knobs, gears, etc. And, with TIC 
Precision Drives you know you have a unit that will 
do the required job without a possibility of error. 
Use them with rotary components such as resolvers, 
synchros, potentiometers, inductors, capacitors, tuning 
coils, etc. 








e TIC packaged Precision Dual Speed Drives are manually 
operated or motor driven, precision gear reducers to pro- 
duce accurate shaft positioning with excellent readability. 
If your synchro, resolver, potentiometer or other rotary 
devices require precise positioning and readout, TIC Drives provide a complete 
package, including couplings and mounting hardware, to allow accurate and 
repeatable settings to within 1 minute of arc. 

@ No backlash. Meet MIL-E-4970 (USAF). Panel or Modular Mounts avail- 
able. Gear Reductions up to 180 to 1. 





Send for Complete Details. 


TECHNOLOGY INSTRUMENT CORPORATION OF ACTON 


533 MAIN STREET, ACTON, MASSACHUSETTS 
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Often, inthe manufacture of formed 
wire parts it is more economical to 
form these parts from wire already 
electroplated than it is to plate the 
formed pieces after manufacture... 
Our facilities for continuous electro- 
plating are regarded as the largest 
in the field. All our plating is con- 
sistently uniform and well-bonded 
to the base wire... Consult us about 
any specific electroplating problem. 


Write for latest brochure. 


SIGMUND COHN wec. co., inc. 


121 SOUTH COLUMBUS AVENUE, MOUNT VERNON, N.Y. 


1901 





SIGMUND COHN CORP. OF CALIFORNIA + 151C N. Maple St., Burbank, Cal. 
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of the piston and the input. Thus the 
integrand is represented by a transla- 
tional shaft rate and the integral can 
be determined in terms of the total 
distance traveled by the piston shaft. 
Figure 11 describes an application of 
this principle by Giannini Controls 
Corp. in the design of an integrating 
accelerometer. 


Pulse Width Integrators 


Time based integration may be in- 
strumented by use of a cam-switch 
device that controls a series of voltage 
pulses so that the ratio of “on” time 
to “off” time is continuously propor- 
tional to the variable to be integrated. 
Input to the integrator is in the form 
of a mechanical displacement. Meas- 
urement of accumulated “on” time by 
means of a motor driven timer actu- 
ated by the “on” pulses provides the 
time integral of the variable. Accu- 
racy of the device is independent of 
pulse rate, although the rate is usual- 
ly held approximately constant. Be- 
cause of their simplicity, low cost and 
reliability, pulse width integrators are 
used widely in process control indus- 
tries, usually in association with a 
chart or disc recorder. They can be 
easily adapted to provide the integral 
of the function of a variable by proper 
shaping of the cam. 

Figure 12 is a schematic diagram 
illustrating the operation of a typical 
pulse width integrator. 


Pulse Rate Integrators 


If the pulse repetition rate or fre- 
quency of a signal is made continu- 
ously proportional to a quantity to be 
integrated, a count of total pulses or 
cycles will represent the integral. 
Many devices are available on the 
market to convert a varying analogue 
voltage to a continuously proportional 
frequency or pulse rate. A typical de- 
vice of this type employs a saturable 
magnetic circuit that saturates at a 
rate proportional to an input voltage 
and is self resetting after saturation 
so that a continuous series of pulses 
is produced. Such a device driving a 
pulse counter will indicate the time 
integral of the input voltage over the 
elapsed operating time. 

Another type of integrator operat- 
ing on this principle is described in 
an article entitled “Oscillator Com- 
puter” in the August, 1960 issue of 
Electromechanical Design. The de- 
vice described is a simple watch 
movement with a variable escapement 
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Fig 13 Simplified block diagram of an 
electronic integrator using an operational 
amplifier. 


in which the restoring force on the 
balance wheel is provided by an 
equivalent magnetic spring. Effect of 
the equivalent spring is to continu- 
ously vary the oscillation frequency 
of the balance wheel in proportion to 
an input magnetizing current. A count 
of the balance wheel oscillations will 
indicate the integral of the input 
current. Although we have classified 
this device as a variable frequency 
integrator, the integration is actually 
performed by the escapement mecha- 
nism which transforms the oscillation 
rate to a shaft rate to provide the inte- 
gral in terms of number of shaft 
revolutions. 


Current Integrators 


Current is a quantity expressing 
the rate of flow of electrical charges 
through a conductor. Thus, when a 
quantity to be integrated is given in 
the form of a d-c current, the integra- 
tion can be performed directly by 
measuring the accumulation of matter 
transferred through an electrolyte by 
the current. 

One such device consists of a capil- 
lary tube with electrodes and a quan- 
tity of mercury at each end and a 
small volume of electrolyte in the 
middle. As d-c current flows through 
the circuit, mercury from one side 
is transferred by the current through 
the electrolyte and deposited on the 
other side. As a result, the electro- 
lyte moves along the tube in a direc- 
tion corresponding to current flow 
and at a rate proportional to the cur- 
rent. Distance traveled by the elec- 
trolyte is therefore the time integral of 
the current. Resetting this type of 
device is a problem that must be dealt 
with in practical applications. 


Another type of integrator for use 
where the input quantity is in the 
form of a de current (or voltage) is 
a circuit device frequently called an 
electronic integrator. It consists of a 
very high gain de amplifier (called an 
operational amplifier in the analog 
computer field), a precision input re- 
sistor and a precision feedback capac- 
itor (see Fig 13). Voltage across 
the feedback capacitor represents the 
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Fig 14 Block diagram of Kearfott’s completely transis- 
torized electronic integrator with the addition of electro- 
mechanical output in the form of a motor shaft position 
for driving slave potentiometers or other rotary devices. 
Maximum linearity error of the unit is 0.01% of indi- 
cated value; scale factor repeatibility is 0.01% for con- 
tinuous operation and 0.03% for long term operation. 
In operation of the unit, as designed by Kearfott, output 
voltage seeks a value that causes feedback current to 
balance the input current flowing through R,. Voltage 
across the capacitor C, is thus proportional to the time 
integral of the current. The output shaft maintains a 


position proportional to the output voltage. In addition 
to providing mechanical output, the motor driven pot 
introduces a second integration to reduce steady-state 
errors. Gain of the error signal is sufficiently high that 
system accuracy is almost entirely impendent on the RC 
product and its tolerance. The inner loop integrator 
provides a high, stable, dc gain to drive the error cur- 
rent to zero. The feedback capacitor in the inner loop 
is included to provide instantaneous feedback for sud- 
den signal changes, thus preventing amplifier saturation 
and loss of accuracy. 


integral of the input signal. 

Operation of the circuit is as fol- 
lows: Current flowing in the input 
resistor R produces a minute error 
signal to the amplifier input, which is 
greatly magnified by the amplifier to 
change the voltage on the output side 
of the feedback capacitor at a rate 
and polarity to drive the error signal 
(amplifier input) towards the null. 
In doing so, the current in the input 
resistor is channeled into the feedback 
capacitor, with the exception of in- 
significant error current that flows 
into the amplifier. This causes the 
voltage to build up across the feed- 
back (or integrating) capacitor ac- 
cording to the time based integral of 
the input current. 

Since the gain of the amplifier is 
extremely high, of the order of one 
million to one billion, the error cur- 
rent is so small that it has no measure- 
able effect on accuracy. The char- 
acteristics of this type of integrator 
are independent of the amplifier gain, 
being dependent only on the values 
of R and C. The constant of integra- 
tion can be set into the circuit by pre- 
charging the capacitor to the specified 
value. 
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Fig 15(a) Integration of a variable with respect 
to a variable other than time (mechanical inputs ) 


Pot 7 gt 


George A. Philbrick Researches, 
Inc., who manufacture operational 
amplifiers for a wide range of appli- 
cations, state that accuracies of 0.1% 
for short term operation and 1% over 
14 hrs of operation are typical of high 
quality electronic integrators. 

Kearfott Div. of General Precision 
Inc., describes an extremely accurate 
integrator based on the principle of 
the electronic integrator described 
above but with the addition of 


electromechanical position servo com- 
ponents that introduce another inte- 
gration into the loop to reduce steady- 
state errors, and that supply the 





(re | 
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output in terms of a shaft position as 
well as a voltage. 


Computing Applications 


Time based integrators can be 
modified or combined to perform al- 
most any mathematical operation. 
Some of the more common uses of 
velocity servo integrators in comput- 
ing equipment are described by Kear- 
fott in Fig 15. 

In Fig 16, Ford Instrument Co. 
shows functional schematics of some 
typical computing operations that can 
be performed by ball disc integrators. 
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SQUARING EXPONENTIAL OIFFERENTIATION 
XX —— 2 —a— 
V2 x* sy x if I ydx y y ‘ 
[xq x* 1/22 
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Suds 
ys Judx 
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MULTIPLICATION RECIPROCAL TRIG FUNCTIONS 
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f xy = fydx + Judy = fyd [Svax] ofy? due - + 
F =f [fvax] 4x 
-.y2 Asin x + Boos x 
: 
é Fig 15(b) Some typical mathematical operations performed by modifications 
and combinations of velocity servo integrators, as illustrated by Kearfott Co. 
Equivalent operations can be instrumented by almost any type of integrator. 
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Fig 16 Functional schematics of some typical computing operations 


using ball-disc integrators, as illustrated by 


Ford Instrument Co. 
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NASHUA 


approves high 


starting torque of 


HEINZE 


Wi 
MOTORS 


for new tape 








dispenser 





Nashua Corporation's Vuematic tape dis- 
penser which provides ready-to-use high 
quality sealing tape in positive lengths, 
relies on a motor with high starting 
torque. The Heinze SMR Universal Motor 
supplies this — plus long life. External 
brushes are easily accessible. Company 
executives state, ‘‘Our people in service, 
manufacturing and sales all endorse 
these fine motors which have been used 
by us for several trouble-free years of op- 
eration." Heinze Universal Motors are 
compact, have high starting and run- 
ning torques, are versatile to allow all 
types of mounting arrangements and 
modifications, are uniform in quality, 
keyed to high production, and are com- 
petitively priced 

Write for complete catalog. 


ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 


SUB-FRACTIONAL HORSEPOWER MOTORS ANDO BLOWERS 
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New Components For 
Electromechanical Systems 








Printed Circuit Relay 


Positioning the header 90° to a side 
mounting configuration achieved a 
low profile for a new micro-miniature 
relay. Seated height is only 0.45 in. 
Both connector pins and mounting 
posts extend through the component 
board, allowing ready accessibility 
from the opposite side. Dry circuit 
current requirements are 1 microamp 
at 1 mv with 100 ohm max. contact 
resistance. Three amp contact rates at 
32 resistive load; and 5 millisecond 
max. operate/release time. Life 
tests, at full load and 125°C, have ex- 
ceeded 100,000 operations. Unit meets 
MIL-R-5757D. Babcock Relays, Costa 
Mesa, Calif. 
Write No. 541 in Box on Inquiry Card 











Centrifugal Switch 


Used for speed sensing, overspeed 
and underspeed detection, speed in- 
terlocking, sequencing and signaling, 
new centrifugal switch with negligible 
friction provides repetitive accuracy. 
Weights fasten directly to a simple 
one-piece spring steel disc. Centrif- 
ugal force of the weights overcomes 
the rapid decrease in spring force, 
resulting in snap action at operating 
speed. Normal operating speeds 
range from 900 to 4,000 rpm and 
standard units operate at 1,000 and 
2,200 rpm. Square D Co., EC&M 
Div., Cleveland, Ohio. 
Write No. 319 in Box on Inquiry Card 


Lightweight Motors 


Incorporating aluminum alloys, stand- 
ard integral hp motors are said to 
weigh up to 30% less than cast-iron 
motors on a rating-for-rating basis. 
Bearings are pre-stacked and double 
shielded. A built-in protector makes it 
virtually impossible to burn out the 
motor; it also eliminates the need for 
expensive motor starting equipment. 
Franklin Elec. Co., Inc., Bluffton, Ind. 
Write No. 381 in Box on Inquiry Card 


A-D Encoder 


Analog-to-digital shaft position en 
coders based upon the Gray Code 
format are available in ranges from 
2° to 2". Precious metal alloy code 
drums are utilized in lieu of etched or 
plated discs. Multi-strand wipers are 
used on each track to increase re- 
liability and to reduce noise. Units 
satisfy or exceed all applicable re- 
quirements of MIL-E-5272 and MIL- 
T-5422. Northern Precision Labora- 
tories, Inc., Franklin Lobes, N. ] 


Write No. 324 in Box on Inquiry Card 


Crystal Filters 


A high selectivity, high attenuation 1 
ke crystal filter is said to be nominally 
priced to make it available in as many 
applications as possible. Heretofore, it 
was believed virtually impossible to 
design a crystal filter that would meet 
critical specs at this frequency. Many 
types covering frequencies up to 30 
Mc were similarly considered difficult 
to design but are now also available at 
moderate cost. Burnell & Co., N. Y. 
Write No. 342 in Box on Inquiry Card 








Snap-action Switch 


“Cricket” action is used in the con- 
tact-carrying leaf spring of a new 
subminiature snap-action switch. Uni- 
form stress distribution achieved 
throughout the spring reduces metal 
fatigue and results in long switch life 
with high reliability and continued 
uniform operation, according to the 
manufacturer. Switches are rated 5.0 
amps at 125-250 volts ac on inductive 
and resistive loads, 4.0 amps at 30 
volts de on inductive loads to 50,000- 
ft altitudes. Basic switch weighs less 
than 0.080 ounce. Unit has only two 
moving parts, the leaf spring and the 
pushbutton to actuate it. Fansteel 
Metallurgical Corp., N. Chicago, II. 
Write No. 550 in Box on Inquiry Card 
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SMOOTH AND FLAT AS A MIRROR! 


Extreme flatness and high polish are lesser-known 
qualities of KARAK (our versatile carbon graphite). 
The surface can be lapped to 1 light band and a 16 rms 
finish. Density can be extremely high. Surprising to 
design engineers familiar only with extruded carbons, 
KARAK can be harder than many of the hardest alloys 
(Scleroscope 100). 


As a hard, dense, self-lubricating material, chemically 
inert, electrically conductive to an exceptional degree, 
machinable to great accuracy and capable of a smooth 
finish and of surfaces resistant to heat-distortion, 
KARAK is destined for many unexpected new uses in 
the growing complex of modern industry. 


Write today for your copy of the KARAK data catalog. 


. oe OHIO CARBON COMPANY - 


12508 BEREA RD, DEPT. 288, CLEVELAND 11, OHIO 
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Need a Small 
Snap-Action Switch? 





E33-00A 
SERIES 






e Y ”» Sf,” 


x 1-1/16” 


@ Long electrical and mechanicai life 


cose 


@ ROCK-Wipe contact action 

@ Molded pivot for hinged actuator 

@ Standard mounting hole dimension 

© Solder, quick connect or screw terminals 
RATED: UND. LAB. INC. INSP. 


10 omps. 1% h.p. 125/250V A.C. 
4 CALL OR WRITE 


HERRY ELECTRICAL PRODUCTS CORP. 


Ye amp. 250V D.C. 
P. O. Box 66H Highland Park, Ill. 
Phone: Idlewood 2-8182 
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BOARDMASTER VISUAL CONTROL 


Gives you a Graphic Picture of your operations, 
spot-lighted in color. You See what is happening at 
a glance. Facts at eye level — saves you time, pre- 
vents errors. 

Simple, flexible — easily adapted to your needs. 
Easy to operate. Type or write on interchangeable 
cards, snap in grooves. Ideal for production, schedul- 
ing, sales, traffic, inventory, etc. Made of metal. 


Compact, attractive. 
Full price $49 50 with cards 

FREE 24-Page Illustrated Booklet AK-10 

Mailed Without Obligation 


GRAPHIC SYSTEMS, Yanceyville, North Carolina 
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Introducing an alligator clip 


with a ‘microscopic tip”! 


che MucttMICRO-GATOR 


INSULATORS SOLD SEPARATELY. (Standard Red and 


Black colors. White, Blue, Yellow and Green also available.) 


of clip and insulator, 


FREE SAM PLE on request to factory 


1554W East 31st Street, Cleveland 14, Ohio 
CIRCLE NO. 76 ON INQUIRY CARD 
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performance 


The concentrated efforts of MECHATROL'S development laboratory have produced 
a truly reliable potentiometer. Proven reliability in addition to high performance 
characteristics such as RESOLUTION... better than .0001%, ROTATIONAL LIFE... 
8,000,000 revolutions ot speeds up to 90 RPM, LINEARITY...to 10K ohms 5% — 
standard, .25% — special, and now RESISTANCE STABILITY...within .25% when 
temperature cycled between —55°C and +200°C exceeding requirements of 
MIL-R-10509, combine to establish MECHATROL’S metal film potentiometer superior 
to all others. 


PLEASE CONTACT US WITH YOUR REQUIREMENTS. 


SM 7 SERVOMECHANISMS/INC. 
MECHATROL DIVISION 


1200 Prospect Avenue, Westbury, New York 


MECHATROL OF CALIFORNIA, 
200 North Aviation Bivd., El Segundo, California 
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NEW COMPONENTS 





1000 Oz-Inch Synchronous Motor 


For “on-off? ac servo applications 
where a 72 rpm speed and 1000 oz- 
inch torque are required, a motor type 
X1000 can be started, stopped or 
reversed instantly with a single-pole, 
three position switch. Output shaft 
can be stepped at 200 precise steps 
per revolution by using a de power 
supply with appropriate switching. 
Other ratings include: input 120 v, 
50/60 cycle, 1 phase, 3.0 amps max 
current (at 60 cycles). Unit con- 
forms with Class 1, Group D explo- 
sion-proof specs. The Superior Elec- 
tric Co., Bristol, Conn. 
Write No. 314 in Box on Inquiry Card 


Reversible Gearmotor 


Instant reversing, high constant 
torques, low sound level, compact size 
and a wide range of output speeds 
(any individual speed from 0.3 rpm 
to 500 rpm) is provided in two new 
gearmotors. Units develop up to 250 
in. Ibs. at 10 rpm, and are available 
in 1/15 hp 220 v 3 phase and 1/15 
hp 115 v single phase. Mounted in 
any position, these units are designed 
for business machines, automation 
equipment, pumps, conveyors, power 
take-offs, roll drives and other ap- 
plications requiring high torques, small 
size and low cost. New England Gear 
Works Inc., Southington, Conn. 
Write No. 318 in Box on Inquiry Card 


Integrated Size 5 Servo 


New integrated servo assembly con- 
tains a size 5 motor, a size 5 synchros 
and precision gearing (gear ratios up 
to 875:1 are available). Output shaft 
is geared | to 1 with a size 5 control 
transformer. Output shaft positions 
itself to agree with 3-wire electrical 
input data received from any synchro 
control transmitter. Complete assem- 
bly is integrally housed in a size 11 
configuration. Designed for use with 
any Transicoil servo amplifier, the 
new device is also available with 
servo amplifier integrated in a slightly 
larger housing. Transicoil believes 
that the assembly provides remote 
transmission of angular positions, with 
accuracy and torque gradient better 
than any obtainable in available self- 
synchronous systems of this frame 
size. According to the company, the 
integrated design eliminates the 
bulky gear box platform and reduces 
cost considerably. Daystrom Inc., 
Transicoil Div., Worcester, Mass. 
Write No. 333 in Box on Inquiry Card 
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“Yiniest’ Transformers 


\\ hat are believed to be the smallest 
t} ree-phase transformers available to- 
day measure one by one by 17/32, 
for a total cubic volume of 0.53 cubic 
inches. Hermetrically sealed units are 
manufactured in accordance with Mil- 
1-27 A, Grade 5, Class R. Primary 
windings handle any voltage up to 
200 volts at 400 cps; secondary wind- 
ings produce any voltage up to 200 
volts at 2 watts output. Titan Trans- 
former Co., Cambridge, Mass. 
Write No. 306 in Box on Inquiry Card 


Magnetic Clutch 


Fitted with steel housing and a nylon 
gear mounted on ball bearings, a min- 
iature magnetic clutch, Model MC- 
541, is specifically designed for in- 
corporation in multiple clutch-poten- 
tiometer assemblies. Coupling which 
converts clutch to an in-line drive is 
available. Unit is only 1” in dia and 
1” long, has a minimum torque of 6 
oz. inch, and when de-energized, ex- 
erts no drag on pot. Altair Research & 
Mfg. Co., Baldwin Park, Calif. 
Write No. 335 in Box on Inquiry Card 








Miniature Time Delay Relay 


Time range of time delay relay is 
from 15 seconds to 30 minutes or 
longer, with a repeat accuracy of 2% 
of overall time. Switches are fast 
make, fast break, SPDT, rated 3 amps 
resistive and inductive at 125 vac and 
30 vde, with a life of 50,000 opera- 
tions minimum. Compactness (ap- 
proximately 1” x 2” x 4”) and light 
weight are achieved through use of 
newly designed 400-cycle (hysteresis ) 
or 60-cycle (permanent magnet) 115v 
motors. Meets severe tests, including 
operation at 70,000 feet, vibration 
from 10 to 2000 cps at 10G’s, and 50- 
G ll-ms shock. Cramer Div., Gian- 
nini Controls, Centerbrook, Conn. 
Write No. 540 in Box on Inquiry Card 
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High Strength Adhesive 


Substitution of a quick-setting adhe- 
sive, called Eastman 910, in place of 
more conventional mounting methods 
helps achieve greater miniaturization 
of electronic equipment. One particu- 
larly successful application involves 
the mounting of electrical relays to po- 
tentiometers. The relay cases are made 
of irodite-finished aluminum, and the 
potentiometer covers of phenolic plas- 
tic. One drop of the adhesive makes 
an almost instant bond between the 
two dissimilar materials. The Eastman 
910 adhesive is said to be the first to 
produce quick-setting, high-strength 
bonds between virtually any combina- 
tion of materials without the necessity 
of catalysts, heat, solvent-evaporation 
or more than contact pressure. East- 
man Chemical Prod., Inc., N. Y., N. Y. 
Write No. 502 in Box on Inquiry Card 


Solid State Amplifier 


Particularly applicable as a line driver 
or for driving high frequency gal- 
vanometers from the output of high 
impedance sources such as those as- 
sociated with FM magnetic tape re- 
cording systems, a new dc amplifier 
is a single-ended, solid-state unit that 
offers frequency response to 10KC. 
Fixed gain steps of 1, 2, 5, and 10 
with separate vernier control permits 
gain selection over the range of 1 to 
20. Two outputs are provided for 
each channel: one input offers 14 
ohm output impedance for monitoring 
or line driver applications; the other 
output is taken from a plug-in galva- 
nometer damping network internal to 
the amplifier. Delivery: 6 to 10 
weeks. Price: $300 (without rack). 
Neff Instr. Corp., Duarte, Calif. 
Write No. 338 in Box on Inquiry Card 


Epoxy-Molded Resistors 


Proprietary molding technique per- 
mits a new series of resistors to main- 
tain precise stability without change 
in characteristics, even when sub- 
jected to thermal “plunge” shock tests 
from —60°F. to 365°F. According 
to the company, the technique per- 
mits a larger core size for a given 
wattage while retaining environmental 
characteristics far exceeding any 
other resistor encapsulation method. 
The epoxy-molded resistors, ranging 
from 1/10th watt to 1 watt, exceed all 
requirements of Mil-R-10509D, char- 
acteristics B, D, and F carbon film, 
typed and characteristics C and E for 
metal film units. Key Resistor Corp., 
321 W. Redondo Beach _ Blvd., 
Gardena, Calif. 
Write No. 309 in Box on Inquiry Card 





VAP-AIR MERC 
THERMOSTATS 








INCHES LONG 







2.62 








2 INCHES LONG 


Outstandingly accurate, depend- 
able for most critical thermal 
sensing and control applications 
...in missiles, aircraft and ground 
support equipment. 


Army Ballistic Missile Agency ac- 
cepts Merc as standard tempera- 
ture control items. 


Meet most exacting requirements 
for thermal sensing and control 
...in electronic compartments, 
nose cone devices, gyroscopes, 
guidance systems; aircraft cabins, 
cockpits, windshields; oil, fuel, hy- 
draulic systems; many other uses. 


Small, lightweight, unaffected by 
altitude or moisture, can’t are or 
burn. Withstand 100G shocks, 
30G vibration without loss of ac- 
curacy. Fast response, close limit 
tolerances, wide operating ranges. 
Need only simple circuits; adapt- 
able to virtually any need, in- 
cluding solid state devices. 


STANDARD MERC THERMOSTATS 
AVAILABLE FROM STOCK 


Three standard groups: (1) Duct- 
type, for gas or fluid temperature, 
(2) Surface-type, for “area- 
contact” temperature sensing, (3) 
Well-type, for sensing case tem- 
peratures. Order direct from cat- 
alog. Meet MIL-E-5272A. 


Write for bulletin No. 684. 


| ® 
VAP-AIR DIVISION 
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NEW COMPONENTS 





Memory Drum Motor 


Hypersyn electric motors designed to 
handle memory drums synchronize 
large loads with fast acceleration fol- 
lowed by vigorous pull-in torque. Full 
load efficiency at 80% assures cool op- 
eration. Constant of angular velocity 
is less than one-part-in-a-million drift 
over 5 days working time. Bekey Elec- 
tronic Div., Genisco, Inc., L.A., Calif. 
Write No. 303 in Box on Inauviry Card 


Induction Motor 


Continuous duty, high output-to- 
weight ratio induction motor, de- 
signed specifically to drive an axial 
vane blower, is thermally protected, 
enabling it to provide reliable service 
despite exposure to severe environ- 
ments. This open-ventilated motor 
has air-over-motor cooling and _ it 
qualifies according to the applicable 
portions of MIL-M-7969 and MIL-E- 
5272. Horsepower: 15.5, power: 200 
volts, 400 cps, 3 phase, speed: 11,600 
rpm, weight: 19 Ibs, 12 oz. Kearfott 
Div., General Precision, Inc., Little 
Falls, N. J. 
Write No. 332 in Box on Inquiry Card 
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Reversible Synchronous Motor 


Ac timing motor which has no slip- 
page stops without coasting, and is in- 


stantaneously reversible without re- | 


course to mechanical no-back devices, 


Consisting of permanent magnet rotor | 
and electromagnetic stator with two | 
coils with direction of operation de- | 


pending upon the coil energized this 
synchronous motor delivers 30 ounce- 
inches of torque in either direction at 
1 rpm and gives utmost precision in 
operation. No external breaks, quench- 
ing circuits, or phase shift networks 
are required. Weighing only eight 
ounces, the unit operates on 115 volt, 


_ 50 or 60 cps power supplies, and is 
offered in 150 different output speeds, | 


ranging from 300 rpm to 1/6 rph and 
a choice of eight different output 
shafts. Designed initially for computer 
applications, the new motor has al- 
ready found wide use in connection 
with printed circuitry, potentiometer 
drives, and related devices with sharp- 
ly defined parameters. The motor is 
operable in temperatures ranging from 
—10°F to +180°F. A. W. Haydon 
Co., Waterbury, Conn. 
Write No. 435 in Box on Inquiry Card 


Power Supplies 


Noise-free family of power supplies 
features precise voltage regulation 
for both line and load. Six 60 cycle 
models are transistorized, miniature 
115-volt a-c/d-c sine-wave inverters. 
Operating from 12 or 28-volt d-c in- 
puts, outputs, obtained from Class B 
amplifier, range from 20, 40 to 60 
watts. The units’ net weights range 
from 214 to 8 Ibs. and can include 
tape motors, small magnetic amplifiers 
and gyros and similar equipment op- 
erating indirectly from batteries. Ray- 
theon Co., Sorenson Prods., So. Nor- 
walk, Conn. 
Write No. 331 in Box on Inquiry Card 


Top Hat Resistors 


With fifty parts per million accuracy 
and long term stability of 0.003% per 
year, top hat encapsulated resistors, 
developed for the Polaris fire control 
system, are available over a 100 ohm 
to 1 megohm range of values. They 
bring high precision to printed cir- 
cuits with ease of assembly and space 
saving advantages of single-end resis- 
tor construction. The models, 0.28” 
in dia. and 0.40” in dia., are 0.37” 
long and can be constructed to specs 
with lower accuracies available at 
lower costs. Julie Research Labora- 
tories, New York. 
Write No. 313 in Box on Inquiry Card 
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Tape Recorder 


Designed for recording flight test in- 
formation on advanced missiles and 
space vehicles, multi-channel, minia- 
ture magnetic tape recorders record 
up to 14 channels of data simultane- 
ously on 1” magnetic tape. Total tape 
capacity is 69’. Borg Warner Controls, 
Div. Borg-Warner Corp., Santa Ana, 
Calif. 
Write No. 345 in Box on Inquiry Card 








Rotary Solenoids Magnetically 
Balanced with Constant Torque 


Withstanding severe shock, vi- 
bration, and thermal stresses 
during operational life of more 
than 1,000,000 cycles, newly 
developed rotary solenoids have 
a true rotary magnetic action 
with no axial motion of the shaft. 
Armature is balanced, both 
mechanically and magnetically, 
resulting in minimum thrust on 
the bearings. There is no un- 
balanced mass to be actuated 
by rapid acceleration or by 
shock. In addition, the arma- 
ture is in a series air gap so 
that any reduction in air gap on 
one side automatically increases 
the air gap on the opposite side. 
Since both sides are in series, 
the resultant total series gap re- 
mains essentially constant. Gen- 
eral Time Corp., Stamford, 
Conn. 

Write No. 399 in Box on Inquiry Card 











Double Pulse Generator 


Providing a multiplicity of separate 
or mixed output signals, a precision 
double pulse generator features fast 
rise time and flexible modular con- 
struction. Accurate calibrated controls 
make it easy to set up reliable output 
parameters on the instrument itself. 
High power, accuracy to 0.5%, 0.02 
microsecond rise time and repetition 
rate to 100 kc make the instrument 
applicable to a broad range of pulse 
simulation and control. Servo Corp. 
of America, Hicksville, N. Y. 
Write No. 359 in Box on Inquiry Card 


OCTOBER 1961 





Hysteresis Clutch 


Delivering controllable torque through 
a range of speeds and loads, new frac- 
tional hp hysteresis clutch is capable 
of synchronous driving or continuous 
slip with negligible torque variation 
at any slip differential. Essentially a 
power-dividing device with output 
torque proportional to de control cur- 
rent, there is no connection in the 
unit between output and input shafts 
except the shaft support bearing. 
Residual torque at zero excitation is 
bearing friction only. Unit, rated at 
1/20 hp, 1800 rpm, measures 214” 
O.D., is applicable to business ma- 
chines, tape tensioning devices, record- 
ers and servo control systems. Scanner 
Corp. of America, Livonia, Mich. 
Write No. 344 in Box on Inquiry Card 


Airborne Magnetic Tape Recorder 


Consisting of a precision tape trans- 
port coupled to an electronic module 


assembly, a 13 lb. airborne magnetic | 


tape recorder records 14 tracks with 
laboratory precision in missile environ- 
ments. Changing plug-in modules 
permit a choice of 14 tracks of wide- 
band FM recording or 7 tracks of 
wideband FM and 7 tracks of direct 
recording. Magnetic heads with gaps 
of only 80 microinches help make 
possible high frequency response in 
relation to tape drive speed. Fre- 
quency response is de to 10 KC in 
wideband FM and 50 to 100,000 cps 
in direct record at a tape speed of 
30 ips. Tape packing density is 3300 
cps. Westrex Recording Equipment 
Div., Litton Systems, Inc., Beverly 
Hills, Calif. 
Write No. 340 in Box on Inquiry Card 


Iterative Analog Computer 


Designed with computing components 
matched to 0.01%, etched circuit wir- 
ing, pushbutton selectivity and modu- 
lar packaging, Donner Scientific’s 
iterative computer provides a wide 
dynamic range that assures precision 
in computing with amplifiers that ex- 
hibit only 20u volts drift and 500u 
noise. Unit contains a 0.05% solid 
state multiplier and stored program 
function generators housed behind 
2” by 7” high modules which slide 
into the front of the computer. Be- 
cause plug-in pot modules program 
the new function generator, associa- 
tion of several pot modules lets the 
user store functions simply and inex- 
pensively. Reference potentiometer 
permits voltage measurement to 0.02%. 
Donner Scientific Div., Systron-Donner 
Corp., Concord, Calif. 
Write No. 355 in Box on Inquiry Card 
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VAP-AIR: 
NI-CAD 
BATTERY 
CHARGER 





Charger 

shown is for 19-cell 
24 A.H. batteries. Other 

sizes are available ... or Vap-Air 

will design to your specific requirements. 


e no over-charge 
e no under-charge 
¢ longer battery life 


Especially developed for nickel-cad- 
mium batteries in airborne or ground 
equipment. Pulse-charge operation pre- 
vents “trickle-charge.” No excessive cur- 
rent during initial charge. Equalizes 
unbalanced cell conditions in battery. 
Automatically adjusts charge to com- 
pensate for high or low ambient tem- 
perature conditions, prevents over- 
charge or under-charge of battery. 





BRIEF SPECIFICATIONS 





Input Voltage. .... 200 ; 400 cycle; single phase 


Ambient Temperature Range. . 54°C. to 71°C. 
I eaicucediness Sea Level to 50,000 Ft. 
Continuous Current Charging Rate. .25 amps DC 
Maximum Current Rating........ 50 amps DC 
Efficiency at Rated Load............... 80% 
PII WII SS on on ov dinisinceets ese 11 Ibs. 











VAP-AIR... COMPLETE CONTROL CAPABILITIES 


Entire systems and a complete line of 
sensors, electronic controls and precise 
power supplies, electro-pneumatic and 
electro-mechanical valves, advanced in- 
line air valves and regulators, electric 
power controllers and heat exchange 
equipment—for aircraft, missiles, and 
ground support devices. 


for complete information write: 

VAP-AIR DIVISION 
VAPOR CORPORATION 
80 East Jackson Bivd. 

Chicago 4, Ill., Dept. 62-J 


NEW YORK - ST. PAUL + DENVER - WASHINGTON 
PHILADELPHIA + SEATTLE + SAN FRANCISCO 
HOUSTON - RICHMOND -« LOS ANGELES « ST. LOUIS 
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Magnetic Heads 


Multichannel heads provide for simul- 
taneous recording of up to 20 channels 
per inch on tape or drum. Units are 
available in six compatible track for- 
mats with track widths from 0.200 to 
0.050” and track spacings from 0.050 
to 0.140”. A co-linearity of leading 
and/or trailing edges of gaps to 

0.000050” within head stack assures 
timing accuracy of recorded informa- 
tion between channels. Brush Instru- 
ments, Cleveland, Ohio. 

Write No. 374 in Box on Inquiry Card 
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Quick-Connect Couplings 


The spray which occurs when connect- 
ing or disconnecting a valved coupler- 
plain nipple combination has been elimi- 
nated by a new series of couplings. 
The “ES” series utilizes a_ positive 
metal-to-metal stop when the valve is 
in the closed position. This controls 
the compression and displacement of 
the valve seal. An extra O-ring seal 
in the coupler, in addition to the E- 
packer seal, prevents spray when there 
is internal pressure on one side of the 
coupling. The couplers are designed 
for high pressure, low pressure, gravity 
flow and vacuum systems and are avail- 
able in two types with both nipple 
and coupler valved for double shutoff 
or with valved coupler and plain nipple 
for single shutoff. Snap-Tite, Inc., 
Union City, Pa. 
Write No. 315 in Box on Inquiry Card 











OCTOBER 1961 


Self Aligning Locknut 


With the seating surface as much as 
8° out of perpendicular to the shank, 
a fastener still develops full rated 
strength of 160,000 psi. The compen- 
sating fastener consists of a hex drive 
featherweight self-locking nut which 
swivels within the spherical seal of a 
precision alignment washer. Design 
enables fastening strength to be utilized 
at all angles. Standard Pressed Steel 
Co., Jenkintown, Pa. 
Write No. 348 in Box on Inquiry Card 


Commutating Switches 


Commutating, programming and sam- 
pling switches range from sealed sub- 
miniature modules for missile applica- 
tions to rack mounting for ground 
support and industrial use. They are 
motor driven at speeds up to 3600 rpm 
but can also be coupled to stepping 
motors, timing motors or manual drives. 
Precious metal brushes transmit signals 
to associated equipment. Rotary De- 
vices Corp., Englewood, N. J. 
Write No. 406 in Box on Inquiry Card 


Quick-Connect Terminal Resistors 


Quick-connect terminals requiring no 
solder are now available on power wire- 
wound resistors. They reduce assembly 
time and permit disconnecting of leads 
with equal speed to simplify field ser- 
vice. Quick-connect terminals are 
available on all resistor sizes from 5 to 
200 watts. P. R. Mallory & Co., Inc., 
Indianapolis 6, Ind. 
Write No. 394 in Box on Inquiry Card 


High Torque DC Motor 


Capable of sustained output torques of 
about 40 oz-in at 2 rpm, an instrument 
type de motor delivers the high output 
torque at a low power input level of 
180 mw. average. Motor measures 2- 
19/64” x 2-1/8” x 1-9/16” and weighs 
3 oz complete with reduction gear. 
Brailsford & Co., Inc., Rye, N. Y. 
Write No. 347 in Box on Inquiry Card 


Miniature Thin Resistors 

With core thickness of 144” and lengths 
34” (10-watt unit), wirebound, vitre- 
ous enameled resistors are available in 
10-15-and 20-watt sizes. Mounting 
brackets on the miniature units dis- 
tribute heat evenly thereby minimizing 
hot spots, and conducts heat directly 
to the chassis surface. Ohmite Mfg. 
Co., Skokie, Il. 

Write No. 434 in Box on Inquiry Card 





VAP-AIR 
POWER SUPPLY 





Other models and sizes available 
. +. Or, Vap-Air will design to 
your specific requirements 


with regulation 
accuracy +.5% 


This compact dual function constant 
voltage regulator is used in a radar an- 
alyzer application. It provides stable out- 
puts of —150 VDC and +150 VDC from 
an input of 115 VAC. Small, lightweight, 
accurate. Provides close voltage regula- 
tion over wide temperature range. Uses 
solid state techniques for high reliabil- 
ity, optimum performance. 





BRIEF SPECIFICATIONS 





108 to 121 VAC, 
Input Voltage... {49 +20 CPS, Single Phase 


Output Voltage....... . ew 
(under all input, load & {Tip = ; po 
temperature conditions) —— 


and 


Desde cancehnsad<tenvevcues 0 to 150 MA 
Output Ripple 

Normal Operation.................05- Zero 

Transient Condition....50 MV peak to peak 
Temperature Range........ —65° to +180° F. 
MRE tkcadsonbernaawioeaccees 4” x 4" x4 
I CidsacddcgernSeucderdceseues 4 Ibs. 
Environmental................. MIL-E-4970A 











VAP-AIR... COMPLETE CONTROL CAPABILITIES 
Entire systems and a complete line of 
thermal sensors, electronic controls and 
precise voltage regulators, electropneu- 
matic and electromechanical valves, ad- 
vanced in-line valves and regulators, 
electric power controllers and heat ex- 
change equipment-—for the aircraft, mis- 
siles, ground support and electronic 


industries. 
| 80 E. Jackson Blvd. 
Chicago 4, Ill., Dept. 62-J 


NEW YORK «+ ST. PAUL + DENVER + WASHINGTON 
PHILADELPHIA + SEATTLE + SAN FRANCISCO 
HOUSTON «+ RICHMOND + LOS ANGELES + ST. LOUIS 
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NEW COMPONENTS 





10-Turn Precision Pot 


Bourns, Inc., of Riverside, Calif. has 
entered the field of precision muliturn 
potentiometers with a 1” long, 10-turn 
unit that offers 20% longer resistance 
element in a case 7%” dia. by 1” long. 
Designated Model 3500, Bourns guar- 
antees model to meet cycling humidity 
specs and claims it to be only product 
of its type that will do so. Prices range 
from under $10.00 on average quanti- 
ties with a 10% premium on cycling 
humidity performance. 
Write No. 341 in Box on Inquiry Card 


Cavity Antenna 


8-oz. S-Band Cavity Antenna operates 
over the frequency range from .75 to 
2.95 Ge and has a VSWR of less than 
1.65 at continuous temperatures of up 
to 250°F. Radiation patterns are 
similar to those of a monopole. An- 
tenna has RF choke which insures 
electrical continuity across mounting 
surface and enhances pattern charac- 
teristics. Foam filling and fiberglas 
covering eliminates moisture entrap- 
ment and meets MIL-E-5272C. Input 
connector is a TNC female with other 
input connectors available. Canoga 
Electron. Corp., Van Nuys, Calif. 
Write No. 346 in Box on Inquiry Card 


Miniature Pulse Transformers 


Epoxy transfer-molded miniature 
pulse transformers, with oriented- 
grain silicon steel ribbon core units, 
ferrite torroid and ferrite cup cores, 
are available in four basic case styles 
plus a variety of custom shapes. 
Transfer-molded of epoxy under 1000 
psi at 300°F, cases are accurate of 
shape to within 10 mils. High epoxy 
density eliminates pores and _ in- 
creases performance uniformity, re- 
sistance to chemical attack and aging; 
the epoxy also provides positive bonds 
to leads and prevents contamination 
of interior. Pulse Engineering Inc., 
Santa Clara, Calif. 
Write No. 317 in Box on Inquiry Card 


Heat Sink Kit 


Design and packaging engineers can 
now purchase a kit containing 17 
natural convection, conduction and 
forced convection-including fan — with 
3 sets of mountings and a supply of 
interface grease for $37.50. Kit covers 
all possible transistor applications; and 
includes manual aids in proper selec- 
tions. Astro Dynamics, Inc., Burling- 
ton, Mass. 
Write No. 343 in Box on Inquiry Card 


Transistor Plate Capacitor 


With a square configuration which 
affords improved reliability and tem- 
perature capacitance characteristics at 
no increase in cost over the conven- 
tional round configuration, transistor 
plate capacitors have a capacity range 
from 0.005 mfd to 0.1 mfd and come 
in sizes from 0.280” sq. to 0.700” sq., 
with a 50 VDC working voltage. The 
coating is a durez phenolic, wax im- 
pregnation. Hi-Q Div., Aerovox Corp., 
Myrtle Beach, So. Carolina. 
Write No. 362 in Box on Inquiry Card 


20 Sec. Angle Repeater 


Using the electrical output from 
synchros, resolvers or function genera- 
tors, Theta Instrument Corp.’s Precise 
Position Repeater provides both a 
visual readout and binary coded data 
output of the angular position with 
20 sec.-of-are accuracy and 4 sec.-of- 
arc resolution. The Saddle Brook, N.]J. 
company uses a solid state, self-step- 
ping circuit. Unit tracks rotating 
systems with full accuracy in either 
direction; only operator control is an 
on-off switch. 
Write No. 353 in Box on Inquiry Card 





FOR | SPECIFY 
@ RELIABILITY | 
@ RESISTANCE FE | ‘ 
@ POWER | 
CRENS my eer SOR * 


ALL CON-ELCO TRIMMING POTENTI- 
OMETERS AND VARIABLE RESISTORS 
FEATURE RELIABILITY AND ACCU- 
RACY PREVIOUSLY UNAVAILABLE TO 
INDUSTRY FOR CIRCUIT TRIMMING, 
BALANCING AND CALIBRATION. 


TYPICAL SPECIFICATIONS 


Power Rating: lw, 2w and 23% @ 
50°C derate to 0 at 105°C, 
150°C and 180°C 

Temperature Range: —55°C to 
+105°C and 180°C 

Resistance Range: 10 to 125,000 
ohms 

Humidity Seal: Mil-E-5272 Proc | 
and Mil-Std-202 Method 106 

Terminals: Terminal configurations 
available include printed circuit 
pins, solder lugs and flexible 
leads. 

Case: Several units are available 
in single or multiple unit rec- 
tangular cases. 


 CON-ELCO standard models are avail- 
- able from stock. Let CON-ELCO engi- 
& neers help you with your application 

problems. Send for data today. 
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Available in portable, wall, flush and projection mounting switchboard cases. 


EW Instrument Designs, 
Applications from Esterline Angus 


New ‘'602'' Two-channel Recorder « Si- 
tultaneously records two variants on adjacent 
-sections of single 6”-wide chart. Applica- 
ons: checking current and voltage, quality 
etermination of arc welds, records of input 
s. output. 


) New Analog-Event Recorder + One instru- 
ent does the work of two . . . simultaneously 
cords analog data and up to 8 channels of 
vent information on single 6”-wide chart. Ap- 
lications: wind speed and direction, substa- 
ion bus voltage and breaker operation, rate 
f production (speed) and conveyor operation. 


New ‘'620'' Event Recorder with Tempen 
Writes without ink, using electrically-heated 
tyluses. Simultaneously records ‘‘when,”’ “Show 
mz’? and “how many” on as many as 20 


channels. Applications: productive and non- 
productive time of any or all machines in a 
plant, circuit breaker action, qualitative an- 
alysis, missile performance. 


d New Expanded Scale Voltmeter + Pro- 
vides increased readability of voltage records 
as upper \% of voltage range is expanded to 
fill upper 80% of chart span. Applications: 
checking voltage regulation, voltage records, 
trouble-shooting. 


Standing solidly behind the creative designs of our engi- 
neering staff are the highly-developed skill and attention to 
detail of our master craftsmen. At right, M. R. Felske, 
Master Craftsman at Esterline Angus for 34 years. For more 
detailed information on any instrument or its applications, 
write: ESTERLINE ANGUS INSTRUMENT COMPANY, INC., 
Box 596-K, Indianapolis 6, Indiana. 








ccellence in graphic recording for over 50 yars-—ESTERLINE ANGUS 


AMPERES, AC AND OC - VOLTS, ACA DC - WATTS, AC 
POWER FACTOR - EVENTS - SPEED - POSITION - MOTION - PRESSURE - 


Makers of instruments to record: MICROAMPERES, DC - MILLIAMPERES, DC 
KVA, KVAR - VOLTAGE TRANSIENTS, AC - FREQUENCY - 





In 


PULSE FORMING 
NETWORKS 


For the Pulse Forming Networks that meet 
critical Mil. Specs., for environmental con- 
ditions . . . specify Plastic Capacitors... 
the name of proved reliability in plastic film 
dielectric units. These superior units have a 
range in standard design from 0.1 microsec- 
onds up. Operation up to 125°C. Designed to 
match any impedance. Here is “‘on the job” 
performance you can count on. Special appli- 
Cations invited, 
Get the complete quality story. 
=e Write today to: 


H ee ee oe 


! ~ e@ 
i 2620 N. Clybourn + Chicago 14, Ill 
L. DI 8-3735 












a 





Custom EZ, Engineering at 
Production Prices 


| Lt 
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TO GET GAINS UP TO 


1,000,000 Z,, and 
detect 1 MICRO-MICROWATT DC... 





et WITH 
acrostat 


LOW-LEVEL MAGNETIC AMPLIFIERS 


This brand-new series of ACROSTAT 
second harmonic magnetic null pre-am- 
plifiers give gains up to 1,000,000 Zn, 
with null balances to one micro-micro- 
watt, DC. One microampere of DC con- 
trol gives one volt of DC output. Oper- 
ates from 115 volts + 10%. Ideal for 
thermocouples, strain gauges, null de- 


tectors, meter pre-amplifiers. 


For full details, send for Technical 


Bulletin No. 10 
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NEW COMPONENTS 





Printed Circuit Trimmers 


Two new trimming potentiometers, in 
square configuration, with base pins 
for printed circuit application, are 4¢” 
and 14” square respectively. Units 
feature humidity proof construction in 
compliance to MIL-STD-202A, Meth- 
od 104, Condition A and MIL-E- 
5272C, Procedure 1. Rectangular 
cross-section resistance element has 
greater surface contact with case pro- 
viding better heat dissipation. Dual 
wiper design guarantees positive con- 
tact under all conditions of shock and 
vibration. 25-turn units meet or ex- 
ceed all applicable military specs. 
Spectrol Electronics Corp., San Ga- 
briel, Calif. 
Write No. 337 in Box on Inquiry Card 


Size 9 AC Potentiometer 


Size 9 low-cost “Vernistat” ac poten- 
tiometer has an extremely high input 
to output impedance ratio, high ter- 
minal linearity, low phase shift and 
a high inherent reliability. The 
Vernistat achieves precise voltage 
ratios and low output impedance by 
means of a tapped autotransformer; 
tap voltages do not change with time, 
use or environment. High precision 
pot interpolates between the auto- 
transformer voltages permitting use of 
a larger potentiometer wire for a 
given resolution and input impedance 
than with conventional units. Low 
output impedance allows for elimina- 
tion of isolation amplifiers. Perkin- 
Elmer Corp., Norwalk, Conn. 
Write No. 326 in Box on Inquiry Card 


Wire Wound Resistors 


Specially developed coating, ther- 
mally conductive and electrically in- 
sulating, insures complete protection 
against salt spray, vibration and me- 
chanical and thermal shock in a new 
line of precision, wire-wound standard 
resistors. For added built-in reliability 
these resistors have end-to-end weld- 
ed construction. They operate at 
twice full rated power for extended 
periods of time and withstand ambi- 
ent temperatures to 350°C. Power: 
2 to 10 watts. Resistance range: 1 to 
175K ohms. Standard tolerances: 1 
to +20%. Dielectric strength: 1000V. 
Temperature coefficient: 0.00002/°C. 
Resistors allow exceptionally high 
heat dissipation. RECO, San Gabriel, 
Calif. 
Write No. 336 in Box on Inquiry Card 
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Precision Potentiometers 


For use where small increments of shaft 
rotation must produce proportionally 
small changes in resistance, a deposited 
film precision potentiometer provides 
resolution of better than 0.01%. Unit 
measures but 1 1/16” in dia. 
sistance element is manufactured in a 
high vacuum chamber using electron 
bombardment techniques. This method 
provides a thin film metallic resistance 
element of extremely fine granularity 


capable of being resolved into infinites- | 


imally small changes in resistance. The 
potentiometer is the result of over 6 
years of development and marks com- 
pany entry into field. Mechatrol, West- 
bury, N. Y. 

Write No. 320 in Box on Inquiry Card 








Flow Switch 


Compact and simple in design, a 
low-cost flow switch detects varia- 
tions in the flow rate of fluids or 
gases for a positive indication. Unit 
may operate a remotely located warn- 
ing light or other indicator, visual 
or audio. Automatic interlocks or 
pump motors may be actuated 
through relays. Displacement of the 
magnet-equipped shuttle by a fluid 


or gas actuates the hermetically 
sealed switch contacts within the 
bronze stem. Bypass holes in the 


shuttle skirt permit maximum flow 
with a minimum pressure drop. De- 
pendable and precise in repeatabil- 
ity, the unit is said to be low enough 
in cost for economical large-system 
quantity usage. Gems Co., Ine., 
Farmington, Conn. 
Write No. 307 in Box on Inquiry Card 
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unusual magnets for 
unusual applications 


Shape is not the only unusual thing about these ceramic magnets! 
Most important is how and where they can be used. For Cera- 
magnet® is a basic, new design material — not a substitute for 
conventional metallic magnets. It allows magnetism to be cre- 
atively applied in new and better ways — usually at low cost — 
to literally hundreds of products from small motors, generators, 
coupling drives, holding devices, and filters, to lightning arres- 
tors, sonar equipment, switches, and many others. 

Ceramagnet permanent magnets are electrically non-conductive 
and chemically inert. They may be used without keepers and 
pole pieces, with many poles on one face, and under other con- 
ditions which would quickly demagnetize conventional magnets. 

Where can Ceramagnet fit into your application? For ideas 
and technical data, send for Stackpole Bulletin RC-12A. 

STACKPOLE CARBON COMPANY, St. Marys, Pa. 





VARIABLE COMPOSITION 


SLIDE & SNAP SWITCHES « 
BRUSHES FOR ALL ROTATING ELECTRICAL 


| CERAMAG® FERROMAGNETIC CORES - 
| RESISTORS «© FIXED COMPOSITION CAPACITORS « 
EQUIPMENT . ELECTRICAL CONTACTS ° GRAPHITE BEARINGS & SEAL RINGS . 
COLDITE 70+@ FIXED COMPOSITION RESISTORS ° AND HUNDREDS OF RELATED PRODUCTS 
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OTHER PRODUCTS: SYNCHROS RESOLVERS SERVO MOTORS MOTOR GENERATORS 
INTEGRALLY GEARED UNITS INDUCTION GENERATORS DRAG CUP MOTORS 
SYNCHRONOUS MOTORS PERMANENT MAGNET GENERATORS VELOCITY AND 

INERTIA DAMPED UNITS . . . AND SPECIAL DESIGNS. 


kollsman motor corporation 
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NEW COMPONENTS 


Cerafil Capacitors 


For sandwich-type circuit construction 
and where component length and/or 
diameter are highly critical, special 
%4”-long Cerafil capacitors in 10- 
1000 mmfd capacities are made in 
lacquer coated, Durez coated or epoxy 
molded cases, depending on diameter 
and/or test requirements. Lacquer 
coated units are the smallest and are 
primarily intended for potted circuit 
applications. Units can be made as 
high as a 100 vde rating. Capacity 
tolerance as low as 714% can also be 
achieved. Durez and molded units 
meet all Mil-C-11015B requirements 
when tested using Cerafil ratings. Hi- 
Q Div., Aerovox Corp., Olean, N. Y. 
Write No. 322 in Box on Inquiry Card 


Thermal Switch 


New thermal sensing device solves 
drift problems due to life, vibration 
and shock or temperature overshoots 
or undershoots. This new bimetal 
sensing switch is hermetically sealed, 
highly sensitive and extremely accu- 
rate. It has a calibration range of 
—20°F to 600°F. Repeatability is ap- 
proximately +1°F. The switch is ex- 
tremely flat— measuring just 14” 
in thickness — and is 34” wide by 1-9 
32” long, including leads, and weighs 
0.9 oz. The device complies with 
MIL-E-5272A — Procedure I regard- 
ing environmental, shock, and vibra- 
tion requirements. Control Prods., 
Inc., East Hanover, N. J. 
Write No. 325 in Box on Inquiry Card 


Instrument Bearings 


Thin cross sections of new bearings 
permit never-before design options, 
according to manufacturer. For appli- 
cations requiring combinations of 
bearing dimensions “in-between” di- 
mensions of standard instrument bear- 
ings, the new series contain extra- 
large bore-to-OD ratios. With material 
of 440C stainless steel and retainers 
of plastic crown design with lubricant 
absorption properties, the bearings 
are manufactured to ABEC Class 5 
and better precision standards. Bore/ 
OD combinations include: 0.3750”, 
10.6250”, 0.50000”, 10.7500”, 
0.6250”, 10.8750”, 0.7500”/1.000”. 
Widths are standard at 0.1562”. New 
Hampshire Ball Bearings, Inc., Peter- 
borough, N. H. 
Write No. 311 in Box on Inquiry Card 
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‘CONTRACTS 





“It disappeared into thin air.” Or to be more exact, “into no air at all.” 
Metal evaporation studies at Hughes Aircraft Co. show that whole sections 
of a space vehicle might “disappear” during an extended space voyage if the 
wrong metal is used in its construction (This might present a rather sticky 
problem to the pilot). Experiments on a “vacuum train” fabricated at Hughes 
have brought to light a host of new and perplexing problems with which 
engineers will have to contend when designing equipment to operate in space. 
Some specific problems being studied are: 

® Grease and other lubricants vaporize in ultra-high vacuum. 

¢ “Cold welding” of metals in contact with each other becomes a fact in a 
matter of days in absence of air. 

* Some tough plastics, such as vinyl, grow brittle and lose strength due to 
evaporation of their plasticizer. In other cases, high vacuum “protects” plastics. 
Teflon, for example, was found to be an excellent material to use in space. 
* Microorganisms die if exposed to ultra-high vacuum for periods of 20 to 
30 days, indicating that the costly practice of sterilizing the exterior of space- 
craft prior to launch to avoid contaminating other planets may not be necessary. 
These findings also argue against the theory that life may have been brought 
to earth in the form of free-floating spores from outer space. 

Studies are part of a space environment research program under way in the 
components and materials laboratory of the Hughes aerospace group. The 
metal evaporation problem, although in need of much further study, does 
not appear to be insoluble, according to Charles G. Walance, manager of 
the laboratory. It was found that certain anodic coatings reduce evaporation 
rates by as much as 70 times; gold plating also was found to be effective. 
Metals most susceptible to evaporation were found to be cadmium, zinc and 
certain magnesium alloys. As expected, heat increased the rate of evaporation 
in high vacuum just as it does in atmosphere. Iron and steel were found to 
be highly resistant and would last for years in space. Titanium, tungsten 
and platinum are among the best materials. 

To prevent seizure in space, a lubricating film must be maintained on 
bearing surfaces throughout the service life of the space vehicle, Walance 
said. Preventative techniques which show promise include: using low vapor 
pressure greases so that evaporation is slow enough to maintain a lubricating 
film during the required period of time; constructing bearings of such materials 
as Teflon which do not require a lubricant and will not seize; utilizing solid 
film lubricants such as MoS,; maintaining pressure at the surface of the 
bearing metal above 10° mm Hg and temperatures below 100°C. 


The “Bottom Bounce”, which sounds like a new dance craze, is actually a 
method used in an advanced navigation aid for submerged submarines. Under 
a $99,000 contract from the Navy’s Bureau of Ships, the Electronics Division 
of Martin Co. at Baltimore will study both passive and active submarine 
navigation aids. Findings to date, John J. Slattery, Gen. Mgr. reported, 
suggest that the best navigation aid may use a “bottom-bounce” method of 
projecting underwater sound. With this method, sound is projected obliquely 
toward the ocean floor, where it bounces back to the surface and then falls 
back again to the ocean floor. This “bounce” effect may occur several times, 
depending on depth of the water, temperature, and characteristics of the 
ocean floor. Direct acoustic propagation will also be investigated. 


With a capacity of 500 pounds, an advanced air bearing turntable promises 
to be the largest precision air bearing unit ever made, according to Joseph 
M. Dunn, president of Dunn Engineering Corp., Cambridge, Mass. NASA 
has awarded the company a contract for a turntable that will evaluate the 
equipment guiding Saturn. Literally floating on a thin film of air while spin- 
ning, with essentially no friction, Dunn’s turntables are used to check out the 
accuracy of components and complete inertial guidance packages. Specs 
called for under the new contract include: turntable axis runout, +1 arc 
second; turntable face runout, +3 arc seconds; axis orthogonality, +3 arc 
seconds. The turntable will be capable of rate and servo mode operations. 
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produces an ultra pure 24 Kt 


satin bright deposit is stress 
free; tr ductile and 
tight grained with exceptional 
heat and corrosion resistance. 
Contains NO brighteners, either 
organic or inorganic; NO free 
cyanide; NO harsh alkalis or 
acids; economical to operate and 
simple to maintain. 


@ will not affect copper laminates 
or photo resists. 


Excellent resist for chromic acid 
and ferric chloride etchants. 
Exceptional resistance to sulfides 
and salt spray. 


Excellent solderability, even 


after prolonged storage. 


Fuses perfectly with gold silicon 
eutectic alloy without discolora- 


tion. 


May be plated directly on stain- 
less steel, monel, kovar and other 


alloys. 


@ Due to its extreme purity will not 
discolor when heated. 


@ Meets all Mil. specifications for 
Class 1 24 Kt plates. 


Technic... 


iit « 


P.O.Box 965 
Providence, 1 R. I. 





STuart 1*6100 


PRODUCTS OF RESERRCH 


Plant: Cranston, R. |. 

Chicago Office: 7001 No. Clark St. 
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| Nondestructive Testing Most 
| Warren J. McGonnagle, descr 





A rocket shot off into space 
And soared with commendable grace 

















Its bird-like ascent | Associate Physicist, the « 
Could only have meant | Argonne National Laboratory 

An Electro-Mec Pot was in place! |457 pages, $15.00 er ee 
| McGraw-Hill Publishing Co. Fastenii 

| 327 West 41st St., New York 36, N.Y. 
Summariz 
, | Physical principles, techniques, advan- sion fast 
Even in outer space : ‘tages, and limitations of the various signs for 
You need Electro-Mec Potentiometers* methods of nondestructive testing are retainers, 
for down-to-earth dependability. covered comprehensively. Based on ap- aed , 
plied physics, the treatment in the book flat. stam 
stresses nondestructive testing as a and imp 
science and outlines the what, how, Spring C 

when, and where of this rapidly-devel- 
*Write for data sheets and further information about oping technology. The author — Power 

our complete line of SUPERPRECISION potentiometers. out that this type of testing is con- 
Certified calibration data, including recordings of cerned not only with the detection and Le 
dy output function are supplied with each instrument. location of flaws in material, but that mewn 
a pig eens |its methods and techniques measure pore cl 
| physical properties or nonuniformities 80% ef 
in the physical properties of specific watts. C 
ELECTRO-M EC materials. Among the major testing re 
sue procedures treated in detail are visual oe ae 
Division of WALTHAM Precision Instrument Company, Inc. testing, pressure and leak testing, liquid power ¢ 
47-5) 33RD STREET, LONG ISLAND CITY 1, N.Y. penetrant inspection, thermal methods, system | 
CIRCLE NO. 87 ON INQUIRY CARD | X-ray and gamma radiography, ultra- inetrume 
Le SIME LEELA TN OLA | sonics. dynamic testing, magnetic, elec- Ces 
tric and eddy current methods. oe ema 


SAVE $21.80 
Tiligeteltla cola] 


eleia— ee >< : : Smee Charles F. Cusick 
Sf > "oil 170 pages, $7.50 
$64.50 Sa y Brown Instruments Div. 


(Regular value $86.30) il o>” Mail Station 0280 

ee = di Minneapolis-Honeywell Regulator Co. 
Wayne & Windrim Aves. 
Phila. 44, Pa. 


MA G NOE Ti  « Pi C K a3 ee | A new edition of its Flow Meter 
Engineering Handbook has been pub- 

E xX bod E R j M E Me TA L A 4 a  @ ) R ™ E Ni T lished by the Brown Instruments Div. 
Solve 100’s of speed measurement of Minneapolis-Honeywell Regulator m 

and control problems simply and economically Co. First issued in 1936 and then 


Flow Meter Handbook 








oe ‘ : revised in 1946, the new handbook The 

Electro Magnetic Pickups generate voltage/frequency in proportion to | contains basic flow calculations re- ene 

ee os = eee moc sg a me gs ae el | arranged for easy reference and in- = 

, re ” | . . . 

without physical contact. They actuate electrical or electronic circuitry, | cludes primary measuring devices 

counters, relays, etc. — Let 

; Sead other than orifice plates. Included are one 

ee with - PH A - of 100 s of applications many schematic diagrams, graphs, mo 

“ connector, plastic box, Indicate ¢ Synchronize charts, tables. Separate chapters cover tod 

operating instructions and e¢Control ¢ Actuate instruments : way 71 

os : steam, liquid and gas flow calcula- | 

performance data. ¢ Provide data for telemetering N. 


tions, each with all the data necessary 


aN Order SK-80 Assortment or Write for Bulletin CMP-50. to calculate or check an orifice plate ( 


4a.) installation. Three solutions to a flow 
> &>(=‘ti>) ELECTRO PRODUCTS LABORATORIES, 4501 F Ravenswood, Chicago 40| 50 808 to é 
goo" | problem are outlined in each chapter: 
t, Y Canada: Atlas Instrument, Ltd., Toronto 


Proximity Switches * Mognetic Pickups * Tachometers * DC Power Supplies | approximation check, a nominal X 
orifice bore calculation and a precise 


orifice bore calculation. 


j 
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For Your Literature File 


NEW CATALOGS 


Most of these catalogs contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the catalogs listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 








Fastening Devices 957 


Summarizing the various classes of spring-ten- 
sion fasteners, brochure covers customized de- 
signs for clamps, clips, latches and locks, pins, 
retainers, snap rings, hooks and holders, catches, 
spring washers, hangers, and collars. Case- 
history examples demonstrate how spring-like 
flat stampings can simplify design, cut costs, 


and improve reliability. (4 pp). Associated 
Spring Corp., Bristol, Conn. 
Power Supplies 976 


Combining a switching pre-regulator with a 
series regulator, a new power supply design 
achieves a transient response of 50 microsec in 
80% efficient watts delivering up to 1080 
watts. Other advantages include: package size 
reduction; instantaneous electronic protective 
system which automatically adjusts for shorts 
and overloads with no increase in_ internal 
power dissipation; reliability and reduction in 
system cooling requirements. (4 pp). Valor 
Instruments, Inc., Gardena, Calif. 





SECON / engineered 


component 
Wire 


... drawn to your 
specifications 
down to .00025” 
in base and precious 
metals and alloys 


These wires can be supplied bare, { 
enameled, ceramic insulated for 
use at 1000° F., or electroplated— 
to close tolerances. 


Let our research and development 
staff solve your wire problems. For 
more information please write 
today to Secon Metals Corporation, 
7 Intervale Street, White Plains, 
N. Y. (White Plains 9-4757). 


@:’ SECON 
®) METALS 


CORPORATION 
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Germanium NPN Transistor 987 


High speed computer switching transistor 
which meets Mil-S-19500B requirements com- 
bines high current gain, high frequency per- 
formance, low collector capacitance and low 
leakage current with a high emitter break- 
down voltage. Two pages of a brochure are 
devoted to a characterization by the charge 
control switching concept which provides a 
precise prediction of switching speed over a 
wide range of collector voltage and current. 
Bulletin also includes charts on major char- 
acteristics. (6 pp). General Electric Co., 
Semiconductor Prod. Dept., Liverpool, N. Y. 


Thermocouple Reference Junctions 
994 


Titled “‘‘Thermo-Ref Thermocouple Reference 
Junction,” booklet details thermocouple ma- 
terials used, specifications and operating char- 
acteristics. It also includes useful information 
on general principles and applications. (10 
pp). Genistron, Inc., Los Angeles, Calif. 


Transistor-Diode Heat Radiators 956 


Details of more than 72 semiconductor radi- 
ators are listed for most TO case outlines. 
Comprehensive discussion on thermal cooling 
covers semiconductor installation, formulae on 
thermal runaway, transistor derating curve and 
formulae, thermal/electrical analog, and for- 
mulae of heat dissipation by radiation, con- 
vection and conduction. Four laboratory test 
reports show how these radiators increase 
semiconductor efficiency up to 27 percent and 
prevent thermal runaway. The Birtcher Corp., 
Monterey Park, Calif. 


Carbon-Graphite Materials 960 


Bulletin tabulates 18 grades of carbon, graph- 
ite, and carbon-graphite for such uses as bear- 
ings, bushings, and seals and lists properties 
for each grade. Recommendations are given 
for seals and sliding surfaces for a wide range 
of liquids and gases at operating temperatures 
up to and above 500°F., and in the cryogenic 
range. Discussions on carbon-graphite mate- 
rials’ high elastic modulus, total impermeabil- 
ity, maintained flatness, resistance to chemical 
attack, thermal conductivity, and low friction 
and wear are included. (8 pp). National Car- 
bon Co., New York, N. Y. 


Low Power Tubes 978 


Handbook, covering low-power transmitting 
tubes, series regulators, rectifiers and clipper 
tubes, charts all specifications and diagrams 
each tube’s base and envelope connections. 
6 pp). Raytheon Co., Newton, Mass 


FREE - 1962 
NEWARK CATALOG No. 72 


INDUSTRIAL ELECTRONICS 


FOR INDUSTRY, DEFENSE, 


BROADCAST 









@ In stock ... ready to go.. 
more than 500 manufacturers. 


© Semiconductor Headquarters for Industry at Quantity 
Prices Competitive with Manufacturers. 


* COMPETITIVE FACTORY PRICES 
* COMPLETE ON-HAND STOCK 
* IMMEDIATE DELIVERY 





. over 70,000 items from 


Le \ AVANT RIS 


500 
PAGES! 








DEPT. EL-10 


Mail Order Division, Main Office and Warel.ouse 
Chicago 6, Illinois 


223 West Madison Street e 


ELECTRONICS CORPORATION 
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POLARIS fj PROVEN 
CONNECTORS 


LION EL 


Series WM-20 


Extra Reliability With— 
e Rugged Die-Cast Housings 
e Diallyl Phthalate Moldings 


e Beryllium Copper Contacts 
For Extended 
Insertion/Withdrawal Life 





Five sizes, 34 to 104 contact 
range e Also available for 

#16 wire terminations e Meet 
applicable MIL specs 

e Materials & specifications 
modified to meet your 

special needs— 


a Write Dept. 510-W for Series 
WM-20 Dimensional Data Sheets 


Lionel 
Electronic 
Laboratories 


(Formerly Anton Electronic Laboratories) 
1226 Flushing Ave. 


Brooklyn 37, N.Y. 
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Variable Resistors 979 


Brochure on 6 types of linear motion variable 
resistors contains dimensional drawings of en- 
capsulated and non-encapsulated units. In ad- 
dition to general electrical specs, detailed in- 
formation is given on mechanical and environ- 
mental inspection and test specifications. (4 
pp). Centralab, Milwaukee, Wis. 


SCR Capacitors 699 


Capacitors for silicon controlled rectifier ap- 
plications are rated at 0.1 to 60 mfd and up 
to 4000 v rms. Bulletin discusses the param- 
eters and other characteristics that should be 
considered when selecting capacitors. A handy 
table lists for each application, the capacitor 
type to be used and the criteria for its selec- 
tion. (4 pp) G. E. Co., Schenectady, N. Y. 


Electric Motor Components 983 


Catalog lists molded brush retaining caps, car- 
bon brush holders, commutators, and slip rings, 
available from stock dies with optional insulat- 
ing materials and engineering variations. Mid- 
west Molding & Mfg. Co., Gurnee, Ill. 


Analog Computer 950 


100 amplifier general purpose analog computer 
has basic building block design which allows 
easy expansion. Booklet describes the many 
automatic features and available readout equip- 
ment. (20 pp). Electronic Associates, Inc., 
Long Branch, N.J. 


Single-Turn Wirewound Pots 660 


Illustrated brochure, describing linear, non- 
linear and sine-cosine precision pots, contains 
performance data on 11 models and explana- 
tory section describing special features. (6 
pp) Fairchild Controls Corp., Hicksville, N. Y. 


Constant-Current Power Supply 668 


Eleven models in a rapidly expanding series 
of constant-current dc power supplies are 
now available in ranges up to 1 amp. _ Bro- 
chure, describing widening spectrum of ap- 
plications, contains definitions of parameters 
as they differ from those of voltage-regulated 
power supplies. Electronic Measurements Co., 
Inc., Eatontown, N. J. 


Modular Thermal Blocks 658 


Designed to replace barrier and terminal 
boards presently in use in switchboards, con- 
trol panels, industrial instrumentation, and 
other applications where maximum distribu- 
tion of control and versatile power control 
circuiting are essential, Termi-Blok, a new 
modular, terminal panel wiring block, is 
described as having the following advantages 
over traditional boards; extremely high den- 
sity per lineal inch of track; versatility in cir- 
cuitry stack configurations; tool-free insertion, 
withdrawal and changing of circuit leads. 
(4pp) Amp, Inc., Harrisburg, Pa. 





981 


Dry Type Transformers 


Extensive line of single phase, three phase 
and phase changer dry type transformers are 
covered in what is described to be the most 
complete and comprehensive catalog pub- 
lished on this type of transformer. Wiring 
diagrams, specs and prices are included. (36 
pp) Atlantic Transformer Co., Phila. Pa. 


Digital Multimeter 977 


High-speed, solid-state, analog-to-digital con- 
verter and multifunction signal conditioning 
unit is fully transistorized and designed to 
meet the rigorous environmental requirements 
of military specifications. Available in either 
3 or 4 digit binary-coded decimal outputs, 
unit has applications in automatic checkout 
systems, process monitoring, and automatic 
test sets. (4 pp) Epsco, Cambridge, Mass. 


Motors 953 


Maximum performance for a wide range of 
load requirements is possible due to the ad- 
vanced design of right-angle worm gear 
motors. Brochure describing units lists ratings 
and dimensional data for both single reduc- 
tion and double reduction types. (4 pp). 
U.S. Electrical Motors Inc., Los Angeles, Calif. 


Stock Transformers 958 


Catalog lists complete standard line of high 
reliability transformers, toroids and subminia- 
ture toroids. Separate section describes cus- 
tom design service on transformers, magnetic 
amplifiers, filters and other components. 
(28 pp) Arco Electronics, Great Neck, N. Y. 


Teflon Terminals 989 


Listed in catalog are ‘“Press-Fit’’ terminals such 
as subminiature stand-offs and feed-throughs, 
probes and plugs, miniature stand-offs and 
feed-throughs, connectors and test jacks. In 
addition, insertion tools for installation are 
described. Sealectro Corp., Mamaroneck, N.Y. 


Precision Switches 962 


Descriptions of over 200 items include minia- 
ture switches, special purpose switches, elec- 
tronic switch-circuit assemblies, lighted push- 
button, toggle, limit, proximity and mercury 
switches. (20 pp). Micro Switch, Div. Minne- 
apolis Honeywell Reg. Co., Freeport, Ill. 


Sequence Timer 657 


Motor-driven sequence timer is built around 
a micro-adjustable cam. The assembly con- 
sists of a housing locked to the drive shaft 
by a set screw, with the cam and drive gear 
unit free to rotate inside the housing around 
the shaft. Adjusting screw engages the 
cam‘s drive gear. When the screw is rotated 
it turns the cam at a 40 to 1 ratio. It is 
self-locking; and, after the cam is positioned, 
no further adjustment is needed. Event se- 
quences are adjustable to within 0.1-percent 
accuracy for any period within the total 
time. Total accuracy of better than 1 percent 
is achieved by the lash-free gear train, using 
Delrin gears, and regulation. (4 pp) Tech- 
nology Instr. Corp., Acton, Mass. 
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NEW-Fluke-Precision Potentiometers 
Provide 10°TURN RESOLUTION... 





—Save: Time-Space-Effort-Cost 


The FLUKE Model 20A Vernier Potentiometer provides reso- 
lution equivalent to that of 10 turn helical potentiometers 
with only 550° of shaft rotation. At the same time, the 20A re- 
quires only a fraction of the space occupied by helical po- 
tentiometers, and, in fact, occupies less space than many 
single turn, low resolution potentiometers. 

This high resolution, small size, and ease of operation, is 
achieved by a unique FLUKE patented design. A schematic 
of the Model 20A is shown below. Basically, the Model 20A 
consists of a main resistance element and a concentric 
smaller vernier. The vernier element is connected to the main 
element through two contacts spaced 30° apart. This spreads 
any 30° segment of the main winding over the 270° of 
vernier rotation. The vernier slider is rotated by the poten- 
tiometer shaft. As the shaft is turned and the vernier 
slider completes its rotation, a mechanical stop causes 
the vernier frame to turn, moving the spaced vernier con- 
tacts along the main element. This method provides a 
coarse adjustment at either end of the vernier adjustment. 

This unique design results in a versatile, high perform- 
ance potentiometer. For example, thin card-type windings 
reduce residual reactance and allow operation at much 
higher frequencies than other potentiometers with similar 
DC specifications. The one and one-half turn control of 


NEW FLUKE MODEL 20A 


Vernier Potentiometer 


Complete with dial, on: 
knob and lock 


| - CL 
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ACTUAL SIZE 



















the entire adjustment range allows substantial time savings 
in frequently adjusted or multiple potentiometer installations 
such as analog computers and data logging systems. Equipped 
with a screwdriver slotted shaft, the Model 20A also makes an 
ideal high resolution trimmer. 

The Model 20A is available from stock in resistance values 
ranging from 100 ohms to 25 K ohms, and can be provided 
with a calibrated readout dial and lock-type knob. 

If greater resistance values are required, write for informa- 
tion on the FLUKE Models 21A, 22A, and 30A. The Model 21A 
and 22A have increased power ratings and are available in 
resistance values to 100 K. The Model 30A features resolution 
of 20 times that of the 20A series, resistance values from 1 K 
to 100 K, and a power rating of 5 watts. 


MODEL 20A PARTIAL SPECIFICATIONS 
Standard Tolerance: +5%, available to +1% on special 
order Linearity +0.5% 


Resolution: 1000 ohms, 1 part in 5600. Increased resolu- 
tion for higher values. 


Power Rating: 2 watts at 20° C, derated to 0 at 100° C 
Price: As shown, $8.50. 


JOHN FLUKE MFG. CO. INC. 
P. O. Box 7428 Seattle 33, Washington 
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For Your 3-Ring Binder 
NEW DATA SHEETS 


Most of these data sheets contain complete specs, mounting configurations 
and other important details associated with the application of the products 
described. For your free copy of the data sheets listed on this page, enter 
the appropriate number of the item on the Inquiry Card. 








Industrial Power Transistor 937 


With a maximum dissipation of 30 watts at a 
base-mounting temperature of 25°C, medium 
power industrial transistor weighs less than 
5 grams and requires 3 square inch of chas- 
sis space. The hermetically sealed germanium 
units are especially suited for use in servo 
motor controls, power amplifiers, converters, 
regulated power supplies and low-speed 
power switches. C.B.S. Electronics, Danvers, 
Mass. : 


Oscilloscope Accessory 903 


Wherever frequency is changed often or con- 
tinuously, tracking sweep control used with 
a CRO automatically locks sweep time to 
signal period for continuous monitoring of 
wave shape. CRO must always present an 
intelligible display at any frequency from 
5 cps to 20 kc. Data sheet describes unit 
and lists applications. Chadwick-Helmuth Co., 
Monrovia, Calif. 


Solenoid Valves 925 


As an aid to selecting the proper solenoid 
valve, — size, pressure, temperature, coil type, 
special features and assemblies are presented 
in a condensed chart. CV flow factors used 
for quick and accurate sizing of valves are 
also tabulated. J. D. Gould Co., Indianapolis, 
Ind. 


DC Voltage Comparator 900 


As a building block in high speed, high 
sensitivity measurement and check-out sys- 
tems, or for a precise go-no-go response, a 
precision comparator combines a faster re- 
sponse time and lower detectable difference 
than is presently available, according to its 
manufacturer. With this instrument, for ex- 
ample, one can design automatic testing 
systems with clock rates as high as 100 cps 
without sacrificing accuracy. Blocking lever is 
greater than 500x full-scale reference value. 
B-line Electronics, Inc., Cochituate, Mass. 





NEW SMALLEST 
VANEAXIAL BLOWER 


Only 142” in diameter by a maximum 134” long, this smallest 
d.c. blower moves 10 cfm of air against 0.4” H,0 back 
pressure! Use this rugged sub-miniature blower for spot 
cooling of critical components where space is cramped and 


weight is important. 


VAX-1-DC blower operates on 28 v.d.c. or less, using a 
maximum of 200 milliamps. Weight is 1.4 ounces. Mounts 
with standard servo ring clamps. (Globe makes larger blowers 
also.) Request Bulletin VAX-1 from Globe Industries, Inc., 


1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE 
INDUSTRIES, 
INC. 


GLOBE 


| ae 





STATIC PRESSURE H,0 
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Beryllium Copper Alloys 933 


In addition to tensile strengths of up to 
215,000 psi, beryllium copper alloys also 
have such desirable properties of copper as 
excellent formability, good thermal and elec. 
trical conductivity. Complete technical infor- 
mation on two high-strength and two high- 
conductivity beryllium copper strip products 
is contained in 4 data sheets. Methods of 
heat treating, forming, poining and plating 


of beryllium copper are covered. Brush 
Beryllium Co., Cleveland, Ohio. 
FHP AC Motors 901 


Specification sheet details design features of 
a new type split capacitor, fractional horse- 
power ac motor. Available in ratings from 
1/15 hp to 1/2 hp, the motors are engi- 
neered for quiet, cool operation under severe 
conditions. Specs shown are for 115v, 60 
cycle operation, although the motors can also 
be wound for 208 or 230-volt operation at 
50 to 60 cycles. Leece-Neville Co., Gaines- 
ville, Ga. 


Precision Potentiometer 936 


For fast and easy modification, a precision 
potentiometer can be tapped and phased in 
the field. Unit is of modular design with each 
individual cup self-contained. Precision ma- 
chined housing provides great flexibility in 
stacking; up to 15 units can be stacked with- 
out loss of accuracy due to de-centering. 
Mounting plate, shaft assembly and ganging 
rings, can be ordered separately. Instruments 
for Industry, Inc., Hicksville, N. Y. 


ULTRA-LOW TEMPERATURE. CABINETS 
aa ee 


TEMPERATURES 


Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
range from 1.5 to 6 cu. ft. in chests and 
to 22 cu. ft. in uprights. Units provide 
temperatures to —140° F. control- 
lable within +1°. Optional accessories 
are offered. Immediate delivery on 
all units. 

For your FREE copy of the helpful 
folder, ‘‘Selecting a low temperature 
cabinet,” write Revco, Dept. EMD-101 


Industrial Products Div., 


a  — A ee od 


Deerfield, Michigan 


Setting Trends in Refrigeration Since 1938 


CIRCLE NO. 67 ON INQUIRY CARD 


ELECTROMECHANICAL DESIGN 











P-ecision 


Extended di 
volts, select. 
performance 
voltage sot 
tained at 2 
efficient of 
ment Corp. 


Distance 


Bearing-dis' 
multaneous 
and distan 
netic headi 
cal deals 

Racine, Wi: 


Micro-Mi 


Specificatic 
trates the 
its use. 

shown anc 
function o' 
Inc., Camk 


Size 5 § 


Designed 
size and ' 
high torq 
and rapid 
nals. Date 
Helipot D 
lerton, Ca 








OCTOBE 





933 


also 
ir as 
elec. 
nfor- 
Jucts 
s of 
ating 
rush 


701 


s of 
orse 
from 
>ngi- 
vere 

60 
also 
n at 
ines- 


936 


sion 
1 in 
pach 


/ in 
vith. 
ing. 
jing 
ents 











Precision Voltage Source 909 


E<tended dc output voltage range of +111.11 
volts, selectable in 10 millivolts steps, is the key 
performance characteristic of a new precision 
voltage source. Accuracy of 0.025% is ob- 
ained at 25%C ambient with a voltage co- 


efficient of 0.002%/°C. Electronic Develop- 
ment Corp., Boston, Mass. 
Distance Indicator 906 


Bearing-distance-heading indicator displays  si- 
multaneous. bearings to two reference points 
and distance to one of the points plus mag- 
netic heading of an aircraft. Complete techni- 
cal deals are given. John Oster Mfg. Co., 
Racine, Wis. 


Micro-Midget Chopper 908 


Specification sheet describes chopper and illus- 
trates the minimum noise levels encountered in 
its use. Typical noise measuring circuit is 
shown and noise in microvolts is plotted as a 
function of load impedance. Airpax Electronics, 
Inc., Cambridge, Md. 


Size 5 Servomotor 914 


Designed for applications demanding minimum 
size and weight, a size 5 servomotor provides 
high torque with low rotor inertia for precise 
and rapid response to minimum control sig- 
nals. Data given includes a torque-speed curve. 
Helipot Div., Beckman Instruments, Inc., Ful- 
lerton, Calif. 


3/8” Square Trimmer Pot 940 


Catalog sheet describes 36” square trimming 
potentiometer with a resistance value up to 
50K ohms. Microminiature trimmer weighs 
only % gram and has a power rating of one 
watt at 50°C, derating to zero at 175°C. 
Available in continuous or clutch stop models, 
the trimmer features an integrated high tem- 
perature plastic case, wire-wound resistance 
element, vibration-proof wiper, molded “O” 
ring, moisture-resistance seal and Teflon in- 


sulated lead wires or terminal pins “locked 
in.” Techno-Components Corp., Northridge, 
Calif. 


Permanent Magnet DC Motor 941 


Meeting environmental requirements of MIL- 
M-8609 (ASG), a 1” diameter permanent 
magnet motor contains precision ball bear- 
ings, constant pressure springs to insure long 
brush life and explosion-proof housings. 
Typical applications include program switches, 
tuning mechanisms, timing devices, cooling 
fans and blowers and_ electromechanical 
actuators. Barber-Colman Co., Motors and 
Components Div., Rockford, Ill. 


Sealed Precision Bearings 942 


Effectively blocking out dirt and retaining 


bearing lubricant while operating at high 
speed in moderate to high temperatures, 
precision sealed bearings are particularly 


suited to applications requiring high lineal 
speeds. Design characteristics, performance 
ratings and dimensions are contained in a 
handy table. Barden Corp., Danbury, Conn. 


Electrostatic Charge Amplifier 924 


Compact line-powered instrument precisely 
converts electrostatic charge signals from ac- 
celerometers to voltage signals compatible 
with input requirements of oscilloscopes, re- 
corders and telemetering equipment. Linearity 
and gain stability is better than 0.5%. Charac- 
teristics and ranges, plus alternate single, 
multiple, and multi-range models are covered 
in data sheet. Kistler Instrument Corp., No. 
Tonawanda, N. Y. 


Micro-Miniature Resistors 913 


Microminiature resistors, designed specifically 
for printed circuit applications, incorporate 
a new method of terminating the resistance 
wire. Using a pure silver base, a casting is 
made around the termination that bonds to 
both the wire and the terminal making one 
solid mass. Its strength exceeds twice that of 
a weld; it has a low contact resistance, and 
will not melt or flow when dipped into a 
solder pot. Reon Resistor Corp., Yonkers, N.Y. 


Transistor Servo Amplifier 923 


Servo amplifier for both 60 and 400 cps 
motors puts out 10 watts of instantaneous 
power. Used in ambients up to 71°C, the 
amplifier was designed for high performance 
industrial and military application, but is 
priced in the neighborhood of comparable 
vacuum tube units. Mechanical assembly of 
3 functional wafers, connected by straight- 
feed thru connectors, provides simplicity and 
maximum reliability. Diehl Mfg. Co., Somer- 
ville, N. J. 
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2530 West Bradley Place, Chicago 18, Illinois 
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BODINE MOTORS 





After Delivery Economies 


Your end-costs are lower because: 


© Bodine Motors perform consistently, 
never require field servicing . . . 


¢ Bodine Motors are easy to fit-in . . 
© You seldom encounter inspection or 


¢ Bodine Motors help your product 





















QUADRATURE REJECTION 


with a 


PLUG-IN 
TRANSISTOR AMPLIFIER 


INPUT IMPEDANCE 500,000 ohms 
(A wide range of input 





values may be made 
available to suit source 
impedance requirements.) 


LOAD IMPEDANCE 500 ohms 
POWER GAIN 30 Db. 
VOLTAGE GAIN Unity 
PHASE SHIFT lero 


CARRIER 
s FREQUENCY 


- OUTPUT 


380 to 420 c.p.s. 
450 millivolts 
minimum saturated 
signal at 500 ohm 
output impedance 


INPUT-POWER 
REQUIREMENTS 28 V.D.C. at 
12 ma.; 115 V. 
400 c.p.s., 1 ma. 





| For detailed QUADRATURE REJECTION AMPLIFIER SPECS, MODEL 1805-0500 
Write to Dept. QR-1, M. Ten Bosch Inc., Pleasantville, New York 
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Pema ey . fet Snail Ports and 


Wyle Mode! C-106 Miniature Chamber 


Offering You... 


CLOSER TEMPERATURE CONTROL e 
COOLER OUTSIDE SKIN e BETTER OPERAT- 
ING ECONOMY e GREATER FLEXIBILITY 
e@ FASTER HEATING & COOLING RATES 


Revolutionary NEW “‘Sensor’” The new Wyle liquid 
CO,-cooled Model C-106 Miniature Temperature 
Chamber is the first to use a revolutionary new 
type electronic resistance bulb controller that 
“anticipates’’ temperature changes and thus 
effects minimum variation over the full range. 
Extra thick layers of new, improved insulation 
retard flow of heat to outside skin... skin stays 
cooler. Interchangeable plug-in doors, ‘with various 
provisions for specimen mounting, instrumenta- 
tion, specimen operation, and observation, assure 
minimum downtime. All features lead to greater 
economy of operation. 


RACK...STACK...OR SIDE-BY-SIDE MOUNTING 




















iam 








Fits standard 19” racks ... Flush top & bottom... Flush sides 


640 Cu. In. Capacity e —100°F to +500°F 
Range e 8” x 8” x 10” Test Volume Dimen- 
sions e Weight . . . Approx. 55 Lbs. e Heating 
& Cooling Rates ...Up to 100°F per Minute 


Write TODAY for Full Information! 


DEPARTMENT NI 


WY LE 


LABORAT Ries 


MANUFACTURING Ra 





128 MARYLAND STREET, Et SEGUNDO, CALIFORNIA 
OTHER FACILITIES AT WESTBURY, NEW YORK..NEW 
HYDE PARK, NEW YORK..AND AT NORCO, CALIF. 
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Barksdale AIR-SEAL* Valves 
for the nerve centers of production 


* The air pressure is the sealing force; 
the higher the pressure, 
the tighter the seal. 
DIRECT SOLENOID 4-way, 3-way, shut-off and 
a diverter valves 


| | 4 Standard AC 
t Explosion-proof AC $ 


4 Standard DC 





) Explosion-proof DC $ 





SOLENOID-PILOT 4-way and 3-way valves 


@ Standard AC (ey 
4 Standard DC a 


Explosion-proof AC io 
Explosion-proof DC 


MOMENTARY CONTACT solenoid-pilot valves 


> Noo 
b> ~~ 5a 


tf 





i ¢) 4 Single Solenoid ; we 
| 


Both types available in standard AC and DC 
and explosion-proof AC and DC. 





, Dual Solenoid » 


MANUAL OVERRIDES for standard 
solenoid-pilot valves 


4 'L" type manual override 


“MK” type manual override > 





MANUAL and FOOT OPERATED valves 


6 ¢¥ 


Foot operated 4-way 





Manual 4-way Manual shut-off 


Write for air valve catalog (AV-9) which contains complete data and 
prices on 562 different valves (not counting voltage variations). 


CONTROL VALVE DIVISION 
*¢ 
~ Barksdale valves 
5125 ALCOA AVENUE ® LOS ANGELES 58 @ CALIFORNIA 
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COMPUTER 
AND BUSINESS MACHINE 


DESIGN ENGINEERS 
























Series 


695-T D.C. 
Telephone Type 


RELAYS 


Complicated circuitries of the finest com- 
puters and business machines operate with 
' extra long life and top speed with time tested 
Guardian relays. That is why Guardian Series 695-T tele- 
phone type relays are the preferred standard for most 
leading makes of computers and business machines. 
















Long Life: Series 695-T has established a record in excess of 130 million 
operations. 

Operating Speed: As low as 6 ms on Attract and 1.5 ms on Release 
depending upon contact combinations and coil characteristics. 

Power Requirements: Min. 0.04 watt; max. 4.35 watts. 


Enclosures: Dust proof or hermetically sealed enclosures with plug-in, solder 
hook, or radio type octal plug headers. 


ite for the Guardian 16 page catalog 


featuring a.c. and d.c. Telephone Type 
Relays ranging from Sensitive Units for 
Precision instruments to Heavy Duty Types 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 
1562-L W. CARROLL AVENUE, CHICAGO 7, ILLINOIS 
“Everything Under Control’ 
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ADVERTISING PRODUCT INDEX 


Product Page 
Amplifiers, bistable 38 
Amplifiers, magnetic 80 
Amplifiers, transistor 89 
Battery chargers 75 
Bearings, miniature 39, 45, 46, 78 
Bearings, self-aligning 55 
Blowers 6, 88 
Boards, scheduling 71 
Capacitors, plastic 80 
Chains & sprockets 76 
Circuit breakers 2 
Clips 71 
Clutches and brakes 64, 65 
Components, electronic 85, 26 
Computers, navigational Cov. 4 
Converters, analog-digital 15 
Connectors 78 
Connectors, coaxial 58 
Controls, temp. 77 
Cooling, semiconductor 26 
Counters 56 
Drafting pencils 35 
Drives, precision 66 
Employment 7 
Encoders, shaft 15 
Environmental control 27 
Environmental testing 88, 90 
Fasteners 71 
Gaskets, Rf 83 
Graphic, carbon 71 
Insulators, Rf 83 
Magnetic pickups 84 
Magnets, permanent $1 
Metals, precious 16, 83 
| Motors, de torque 14 
Motors, fhp 13, 89 
Motors, gear 76 
Motors, servo 22, 28 
Motors, synchronous 82 
Motors, universal 70 
Pilot lights 76 
Pressure gauges 7 
Potentiometers 84 
Potentiometers, film 32, 72 
Potentiometers, trimming 33 
Potentiometers, vernier 87 
Power supplies Cov. 2, 73 
Recorders 79 
Relays, de 67 
Relays, program 48, 49 
Relays, telephone type 92 
Relays, mercury-wetted 29 
Resistors, precision 8 
Resolvers 12 
Semiconductor cooling 26 
Solenoids 63 
Standards, voltage divider 23 
Switches, adjustable Cov. 3 
Switches, coaxial 9 
Switches, pressure 7,5 
Switches, pushbutton l 
Switches, rotary stepping 19 
Switches, sealed 60 
Synchros, control 43 
Tachometers 28 
Temperature chambers 88, 90 
Temperature controls 77 
Thermostats 77 
Timers, time meters 13 
Transducer 84 
Transducer, diff. pressure 55 
Transistors, silicon 10 
Valves, solenoid 91, 17, 18 


44, 66, 85 
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87 adjustable stop switches 
replace 2,001 standard types! 


aven revolutionizes switch availability by 
LC) putting the equivalent of 2,001 standard 

types on your local selected distributor's 
shelf, ready for immediate delivery. That's 97% of 
all your switch needs brought right to your door, 
usually within 24 hours. 


Daven does it by designing the characteristics of 
2,001 switches into 87 easy-to-stock, easy-to-use 
adjustable stop switches. The result: instant avail- 
ability and maximum flexibility (you can change 
the number of switch positions at any time). The cost 
is the same, or less, than its standard counterpart. 


. ON ea 
Daven adjustable stop ot 
switches are built in. 
square configuration, in 1%” and 24%” sizes. Like all Daven 
switches, their metal parts are fabricated from corrosion-resistant 
materials . . . plastics are heavily filled with non-organic fibres and 
are capable of withstanding high temperatures . . . switch contacts 
and rotor arms are solid silver alloy. Daven’s patented knee action, 
tamper-proof rotor is standard. All applicable paragraphs of MIL- 
S-3786 and MIL-E-5272 are met and- exceeded. 


For your new switch catalog, with details on the new adjust- 
able stop switches and a complete Replacement List, write 
today! 


iD) THE FQ AVE W cCompPANyY, Livingston, New Jersey 


SWITCHES 


A SUBSIDIARY OF 
GENERAL MILLS 


TODAY, MORE THAN EVER, THE DAVEN © STANDS FOR DEPENDABILITY 
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These Sub -Miniature Systems. 
* Continuous Latitude Longitude 

and Remaining Distance to Destination * Course and 
Remaining Distance to Base or Alternate Destination 
-, Hoe « Automatic Display of Wind Velocity nd Direction 
* Steering Information « True Ground Track 









YOU WILL WANT TO CONSIDER CPPC 
NAVIGATIONAL COMPUTERS BECAUSE: 
THEY EXIST NOW  —nhave been delivered to customers, 


exhaustively tested and found to better the spec for accuracy 
and performance. 





OFFER HIGHEST ACCURACY. why settie for 


more than 1% error in Present Position? Clifton units have 


[ been testing out better than 1%. Wind direction and force 
P information from the Doppler has proved extremely accurate. 


a VERY FLEXIBLE AND SERVICEABLE. 
r | : — By a simple change of modules, these systems ‘may be 
s “= adapted to any aircraft from a hovering helicopter through 
= o a 230 knot observation plane to a mach 2 bomber or fighter 
| plane. The same modular design permits ease of access for 
' servicing and reduces quantity of parts to be provisioned, 
For full information, write or telephone: Sales Dept., 5050 State. Road, Drexel 
| Hill, Pa., MAdison 2-1000, TWX LNSDWN, PA. 1122(U), or our Representatives. 


CLIFTON PRECISION PRODUCTS CoO., INC. 


Clie 6HOR BIO HT Ss. RP A. 
Bb) UT 
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